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IHHEPIAHYH

Xmv toxéog e€ehooouevn emoyn ¢ IIAnpogopiknig Kol TV €QOPUOYDV TNG
Brounyavikng enavdotaong 4.0, vTapyxel cuveyNg ovaykn ekpetdAlevong peydAov

OYKOV JEQOUEVMV Kol TANPOPOPING GE TPOYHOTIKO YPOVO.

Ot 3 moAmveg teXVOLOYIDV dIKTO®ONG TG Prounyaviag 4.0, SnAadn ot texvoroyieg
IoT, Edge xour Fog Computing, éxouv @épel emoviotacn otnv tayOTATN GLAAOYY,
duvapukn enegepyacio Kot Mym aroedcewv 10600 o€ tonmikd (EDGE,FOG) 660 kot og

dadikrvoko eninedo (CLOUD).

H ovAloyn twv dedopévmv, n omoia yivetar HEGH AGVPUATOV SIKTOV®V aoOnTpv
(WSN), dwdpapatifel, A0yo® g moAvpopeiag g @HONG TV OE00UEVOV Kol TNG
TOWIMOG TOV EMAEYUEVOV TOPAUETPV, (TaydTNTa, aS0moTio LETAPOPAS ,BEATION
amoONKELTIKT KOVOTNTA 1) YPTYOPN EMEEEPYOTTO KAT.) KPIGLHO POAO GTIC TEXVOAOYIES

avtés. 'Y autd givon Bgputn ) katdAAnAn kotavop] Tépwv peTa&d Tmv cuokevwv Fog.

2KOMmAG TG TaPoVGOG TTVYLOKNG epyaciog ival 1 HeAétr, avilvon kol chykpion
amodoTIKAOV adyopifuwv katavoung mopwv o diktva loT, Baciopéva oe teyvoroyies
vroloytoTikng ouiyAng (fog computing). @o peketnOei cevapio IoT yia epapuoyég
Bropnyaviag 4.0, pe dvvatotnteg fog computing, Kot PEC® TPOGOUOUDGEDY PACIOUEVES

o€ KATOAANAQ KpLTNpLa (T.). EVEPYELNS, TOTOAOYIOG, TPOTOL EMKOVMVING).
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ABSTRACT

In the rapidly evolving era of Information Technologies and Industry 4.0 there is a

constant need to exploit large amounts of data and information in real time.

Three of the main industry 4.0 pillars 10T, EDGE and Fog Computing technologies,
have brought revolution in the procedures of rapid collection, dynamic processing and
decision making both at local (EDGE, FOG) and online level (CLOUD).

WSN data collection has a critical role in these technologies due to the diversity of the
nature of the data and the variety of selected parameters (speed, transfer reliability,
optimum storage capacity or fast processing, etc.). In any case an appropriate allocation

of resources is demanded.

The purpose of this paper is to study and analyze efficient resource allocation
algorithms in 10T networks, with fog network computing. A fog computing loT
scenario will be analyzed and through simulation and appropriate criteria (energy,
topology, way of communication between nodes) resource allocation algorithms will
be studied. A bibliographic database will be compared, and optimum placement and
collaboration scenarios will be proposed for Fog to 10T nodes and Fog to Cloud nodes.
This simulation will be implemented with the iFogSim program.
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EYXAPIXTHPIA

['a v Tapodcoa truylaxn epyacio Oa Ol vo E0YOPIGTHC® ATOLO TOV GUYYEVIKOD
Kol QIAKOD KOKAOL KOOMDE Kot apKETOVG oo TOVG Kabnyntég Tov petomtuytokov 10T

and Smart systems ywpig tnv cuoppoin T@v omoimv dev Ba ftav duvath 1 oAoKANpmoN
™me.

[Tpwrtictme, B Oer Vo EVYOPICTAC® TOV EICNYNTH TNG TTLUYLOKNG K. ATOGTOLO
EevAK™ Yoo TNV vopovn kat tnv fondeto mov mpocsiépepe kb’ OAN TNV OAPKELD TNG

EKTOVNONG TNG.

Tovg yoveig pov yio v adtdAEmTn YoxoAoyikn othpién Kot Nk cvumapdotoon

KT TIC LOKPOYPOVIEG GTTOVOES [LOV GE TTPOTTVYLOKO KOl LETATTUYIOKO EMIMEDO.

Tov cuvtoviet| vTevBuvo KEBNYNTH TOL HETATTVY KOV TPOYPAUUATOS K. ANuiTplo
Bévtla yuo v gpumieotochivn ko cuveyn Tpocmadeld TOL Yo TV KAALYN avayK®OV GTo.

TAO{G10 TOV TPOYPALLATOG GTOVODV.
Téhog, 6GAovg Tovg KaONYNTEG Ko fonBovg — EMGTNUOVIKOVS GLVEPYATES XAPNG TNV
oLUPoAn TV omoimv NTov OLVOTN 1 EMITELEN VYNAOD EMIGTNUOVIKOD EMITESOL

OTIOVOMV.
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EIZXATQI'H

1.1 XTOXOI KAI XKOIIOI ITYXIAKHX

21 mopovea SIMAMUOTIKY £pyacio factkdc oTdY0G eivol Vo EKTEAESTEL TEPAOATIKN
TPOGOUOIWON EVOG GEVAPIOV GE VTOAOYIGTIKO O1KTLO HoG Qaproyng Propnyaviag 4.0
kol va e€ayxbodv ypnolua cvumepAcpate omd oVt TV Tpocopoimon. o v
npocopoimon avty Ba yivel xpnon omodoTIKGOV aAyopiOU®V KATOVOUNG TOP®Y GE

epapuoyég Fog Computing, oeg diktoa 10T,

Apywcd Ba yiver po odvroun Bewpnrikn avagopd otn Propunyavia 4.0 kot wiaitepa
0TOVG 3 TMLAMVEG TEYVOAOYU®V dKTVWONG, TS TEYvoAoyieg [oT, EDGE ka1 Fog
Computing. ®a ovagepbobv ol Pacikés avaykes pe Poon TG OMOIEC TPOEKLYE 1
TEXVOAOYIKT €EEMEN Kot TIC KarvoTouies Tov emeepel Kabe pio and avtég. Emiong, Ha
avopepBody  TopadEiylaTo TPAYHOTIK®OV geoppoydv oto kocpo (Real World
Applications) g Brounyoviog 4.0, ®GTE Vo KATAGTOOV KATOVONTEG OL VEEG TEXVOLOYIEG
otV Tpasn.

Y10 B’ Kepdhao Oa yiver avoa@opd omnv TOMTIKY] KOTOVOUNG TOP®V OTO
vroAoylotikd diktva (resource allocation policy).®a yiver avéivon tov alyopiOuwmv
KOTOVOUNG TOpwv. Xkomdg eivar va emdeyfodv aAdydpiBuol katovoung mopmv e
Bértiotn Aettovpykdtnta og epappoyég Fog Computing. Oa yivel emdoyn pe Pdon tig
EMAEYUEVES TTOPAUETPOVS (TayOTNTa, 0&loTIoTio, AmodnKeLTIKY] KavdTTa 1] YPNYoPN
eneEepyaoia). o tovg adyopBpovg mov Ba emkeyBov Ba yivel mpocopoiwon pe v

gpappoyn iFogSim.

Y10 I KepdAato Oa avarivbei o tpocopowwtig iFOgSim kot Oa mapaperpomom el
pe Paon tovg emAeypévovg oAyopiBuovg katavoung moépwv. XKomdg eivor va
EKTEAEGOLLE TTEIPALLN TPOGOUOIMONG GE TPAYUATIKO GEVAPLO EQOPLOYNG Propumyoviog

4.0.

Téhog Ba avalvBohv pepikd oevdpio vAomoinong Kot £va TAaiclo Pertictomoinong

™G TPOGOUOImoNG He 6TOY0 Ta PEATIOTA TEAKE OmOTEAEGLATOL.
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1.2 OPOAOIA 10T, EDGE , FOG COMPUTING

IoT — Internet of Things

To Internet of Things 1 Awdiktvo tov [paypdtwv eivol o €vvolo Tov agopd ta
AVTIKEIPEVO TNG KOOMUEPWVOTNTAG Hoc — omd Prounyovikég pumyoveég péypt wearable
GLGKEVEG TTOL YPTCLLOTOLOVY EVOOUATMUEVOLS OGO TNPES Y10 T GLALOYT| SEQOUEVMV

KoL TNV ovOANYM KAmolag 0pdomng o€ autd pésa o€ Eva d1KTLO.

O1 6VOKEVEG AVTEC OAES £YOVLV OC KOVO TN GLAAOYN Kol LETAGOCT] PO OEOOUEVIOV

(streaming data).
Ta steaming data sivat kataveunuéva og 2 faotkéc Katnyopies :
A) Agdopéva puoikav peyedov (Beprokpacia, migomn, téon 1oy0LOC KAT.) Kot

B) Buopetpwkd Aedopéva (maipol kapdiag, apmmplokn mieon, mosostd oEuydvou

KAT.

O 6pog d10dikTVO TOV TPAYUATOVY ETVONONKE 0T TEAN TNG deKaeTiog Tov 1990 amd
tov emyepnuotio Kevin Ashton kot 19pvt tov Auto-ID Center oto MIT, ftav pépog
L0G OLAd0S TTOV aVOKAAVYE TOV TPOTO VO GUVOEGEL TO OVTIKEILEVA [UE TO O1AOTKTLO

péow pog etikétag RFID. BéBawa otic pépeg pog n e€EMEN Ntav ekBetik.

H xouvotopia g texvoroyiag 10T g oyxéon pe 11g pebddovg avdlvong dedopuévmv
tov apeABovTog elvarl 0Tl mAéov Og yperdleTol vOlauesn amodnkevon o€ HEGO Kol
petémetta eneEepyacio TV dedOUEVOV AAAG OAO TPOYLOTOTOOVVTOL GE TPAYLLOTIKO

XPOVO SLVOUIKA.

v nepintoon towv dedoUEVMY GuVEXOVS pong (streaming data) 6nwg avtd Tov [oT,
T LOVTEAD KoL 01 alyOp1Bpot eivon ovtol mov amofnikevovTal Kot T SEGOUEVA TEPVOVY
péoa amd avtd yw avdivon. Avtd 1o €ldog ™G ovdAivong Kabotd dvvatd TOoV

EVTOTIGUO Ko TNV e€€Taion HoTifov 6g TpayUaTiKd ¥povo.

Ot ovokevég 10T éxovv e€eiyBel Ta Tedevtaio ¥pdvia aKOUO TEPIGGOTEPO APOV
eKTOG amd TNYEG OedOUEVOV GLVEXOVS PONG £YOVV OVTIGTOUYIOL LE EVEPYOTOUTEC,
JloKOTTEG KAT. OTTg Bor dovpe o yprion ot Prounyavia 4.0

‘Etot éyovpe kotoAnéel oto yevikodtepo 0po Smart Devices n Smart Networks pe

KOPlEG KaTNyopieg TV omoiwv dopkol Aot eivar ot 10T cvokevéc.
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a) 'E&umvo Aiktvo Evépyelag (Smart Power Grid)
B) 'E&umvn T16An (Smart City)
v) ‘E&umvn 'ewpyio (Smart Agriculture)

) 'E&vnva Xvotmuata Yyeiag (Smart Health Systems)

Edge Computing

To Edge Computing &ivai éva KatavepnUéEVO LOVTELO DTTOAOYIGTMOV OV EMITPEMEL
mv enelepyacio kol TNV avaAlvon dedoUEVEOV KaTd UAKOG EVOG GKPOL TOV SIKTVOV),
TANGEGTEPA GTO GNUELD TNG GLALOYTG TOVG, Yia VO, BEATIOGEL TOVG YPOVOLS ATOKPLONG

Kot vo eEotkovopncet bandwidth.

Me dAha Aoyl €vo VTTOAOYIOTIKO 31KTLO TO 0TOT0 SLUBETEL 6TO AKPO GLAAOYNG TOV
(oe mepimtoon o Pounyoviog too assets tng) Kamowo  duvATOHTNTO  TOTIKNG

AmoONKEVOTG KOl EMEEEPYACTIKY] 1GYV Y10 TPOIUT ENEEEPYUTIO OEOOUEVDV.

K¥prog okomog tov EDGE devices og éva diktvo givor vo ehottmbel o dykog tov
dedopévav Tov Tpowbovvtor amd to 10T devices npog to FOG | CLOUD agov petd
amod o Tpodn eneéepyacio oto onpeio cvAloyng (asset) perveratl o aplOUOC TV un

YPNOL®V TANPOPOPLOV Kot dedoUEVOV GE TEPAOTIO PaBo.

Baowr, avaykn mov odnynoe omv e&EMEn tov EDGE computing ntoav 1
LEYIGTOTOINGM TOYVTNTOG KUPIMS GTN LETAGOGT OEO0UEVOV KPIGIUNG TANPOQOpiag Kot
Kpio@Vv cvuvayepuov ed1koOTepa Yo teputdcels [oT acOntpwv mov apopovv v

ONUOGLO AcPAAELD KOL TNV ovOpdTIVT VYELQL.
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2yx.1 Katavoun Tomov INupapidag Xvokevawv oe EDGE_FOG_CLOUD

Fog Computing

Mze tov 6po Fog computing evvoodpe 1o 6HVOAO TV VITOAOYIOTIKOV SLVATOTHTOV
petapopds amodnkevong ko enelepyaciog dedopévav BIG DATA oe mpaypatikd

¥pOVO G (LkpdTePO 0md SradikTvaxd) «tomkdy» eninedo (CISCO).L!

To Fog computing eivon pio onuavtikny e€EMEN, Hetald AAAwv, g Alechvdeong
VTOLOYIGTIKAOV GLOKELMV Kot ccOntpwv. ‘Exet epappoyéc ota gumopkd dlktoa
KWWNTNG TNAEQOVIOG, OTIS EUTOPIKEG £QPAPUOYEG AOYIGUIKOV OAAG 0laitepa oTNV
Biopnyavia IoT 1 [IoT. Epapuoyr oe topeic 6nmg n €Eumvn Kataokevy, 10 EEumvo
Ktipto, t0 €€umvo J3iKTLO, TO TETPEANLIO KOL TO PUGIKO OEPLO KOl YEVIKOTEPH GTNV

Buounyavia 4.0

To Fog Computing vlomoteiton otnv mpaén e ocvokevég Fog devices 1 aAldg
kouPovg (nodes). Kabe xoppog Node sivar ovclaotikd évo eEumnpetntc | SURVOG
e&ummpeTd®V vIohoylotdv (Server - server cluster) o omoiog gival GVVIESEUEVOC
apeiopopa pe to. Edge — 10T devices oto éva Gkpo Kot [E TO VTOAOYIOTIKO VEQPOG GTO

aAho.(y.1)

Boowm avéaykn mov odnynoe otn e&EMEN tov Fog Computing givor 6t tar cloud
datacenters Ppiokovtal ce oamdotoon moAlamAdv Pnudtov (hops) oamd tic Anyéc

dedopévev IoT pe amotérecpa v kabvotépnon ot 0140001 TV SES0UEVOV.
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Onwg meprypdoel mopaoctatikd o 0pog fog (OpiyAn) LEAPYEL HIOL GNUOVTIKY
avtiototyia pe tov 6po cloud (vépog). H dapopd tov fog computing mov cuviBwg
amokoieitan kot eméktaon tov cloud computing €yyvtor 6t0 yeyovog OTL LVILAPKEL
peyoAvtepn mpdoPacn o€ amodnkevor, £QapUOYEG Kot OEQOUEVE GTOVG TEAKOVG
ypnotec.  Qot6c0, t0 Fog Computing £yel TANGIEGTEPN YEITVIOGON LE TOVG TEMKOVG

YPNOTEG KO LE UKPOTEPES YEMYPAPIKES KOUTAVOUEC.

To kvptotepa micovektnuata tov FOG Computing givau:

1) Muwpn kobvotépnon

2) XounAd k66T0G VAOTOIMONS

3) EvkoAia cuvtripnong oe Pdboc ypdvov
4) EvkoAn Eméxktaon

5) ®opnrotnTo

6) Evpseio vrostpién £16poyevdv acvppuotmy vrodiktooy.
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[ToAb cuyva ot évvotec EDGE kot FOG amotelovv mapovouaotég Aettovpyiog pésa
0T TAOIGL0L TOV 1010V OIKOGLGTHUATOS OLVOUKNG amobnKevong Kot eneepyaciog
6mov 1 TAnpogopia mnyalet omd to 10T Devices kot kataAryet oto CLOUD. AnAadn

10 Tapddetypa Asttovpyiog Topapidag Tov Xy.1 o€ givar kaboikd

Xe éva oldypoppa Aettovpyiog Ommg Qaivetol 6To TapoKAT® oynua evog EEvmvou

SIKTHOL OV TTEPIAAUPAVEL OAOVG TOVS TOUELS

Anhadn:

o) 'E&unva Zvotiuata Yyeiog, B) ‘E&vrvo Zritt, yYE&umvn [16An d) 'E&umvn Tewpyia
) Brounyavia 4.0

210v¢ KOUPOLG MOV AVTICTOLYOVV GE KPIGLUEG TANPOPOPIES KOl OTOPACELS TOV
a@opovV dMNUOCIO KivOLuVo, GLVOYEPUOVS EKTOKTNG aVAYKNG Kot ovOpdmivn vyeia
&yovpe amevbeiag emkowvmvio pe to Cloud epdoov de €yovpe TEPLOPIGUO

gopovg(bandwidth) ( zwepimrwen 1) M néow EDGE Nodes ( ZepirTwon 2).

Evd otig neputtdoelg 3,4 éyovpe uévo FOG Nodes. 2

Yy.2 Awypappa oovbetng cvoyétiong I0T-EDGE-FOG Nodes ce mepifaiiov
CLOUD
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1.3 INDUSTRY 4.0 IAPAAEIIT'MATA KAI EOGAPMOTI'EX

Me tov 6po Industry 4.0 (Bropmyovia 4.0) evvoodpue 6io To mAR00OC TOV
teyvoroyiov ( loT, Big Data, Cyberphysical Systems, WsN) mov &yovv
APOTLVTONTOM0EL PE GKOMTO TNV GVTORATOTOIN G KUl Y|PLOTOIN 6T TS TAPAYOYNS

o€ £&va oYY povo Propnyoviko tepipairiov.

Ot Baoikéc avdyKeg TOv 0OMYNCAV GTNV TEYVOAOYIKY €navAcTOon NG Propnyaviog
4.0 nMrav i Pertiotonoinon g TaxHTNTOS Kot TOOTNTAS OAAL KLupimg 1| opyavmon

oV cuvtnpnon g Popnyaviag.

2x.3 1oT,IIoT xou Blrounyavia 4.0

Me v elooyoyn 6TV Plounyovikn mopoyoyn tov texvoroyidv tig Industry 4.0
etvon mAéov mpaypatikotnto n Predictive Maintenance. (mpoyvootiki] cuvinpnon —

TPOANTTIKY] GLVTINPNON)

[TAéov, pe touvg ocvyypovoug arcOntipec vymAng akpifelag tov I10T ,o1 omoiot
ovAréyovy BIG DATA kabnuepwvé kot to tpowbovv oto FOG aild ko oto CLOUD
v eme€epyocio kol amodnKevon, eivar dSuvatody vo. TPOPAETOVTOL O OGTOYIES VAIKOD

pe peyaAvtepn axpifela, yeyovog mov Oa HEWMCEL TO PN TPOYPOUUUATIGUEVO YPOVO
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SLOKOTNG AELTOVPYIOG EVOC UNYXOVILATOG GE VO GVUGTI LA LLE GKOTO TV GUVINPNOT] TOV.
Avt N peimon tov xpovov doKomNS Bo GVENGEL T GLVOMKY] OTOO0TIKOTNTA, 1)
omoia pe ™ oglpd ¢ Oo PEATIOCEL TO 0IKOVORIKO O0pelog TG emyeipnong. Ta 2
TehevTaio yEyovoTa €ivol o GNILOVTIKN TPMOTOTOPIio GTNV TOPaymYN 1) ool dg TV

duvaTdv vo TpoyLotomoinfel Tpv EQOPUOCTEL 1) TPOYVOGTIKY GLVTHPNON.

[TopdAAnAio, omOTPEMOVTOL KOTACTPOPIKEG OOTOYIEC VAKOV ol omoieg Oo MTov
duvatov Vo, KaTaoToVV EMCNUIEG €iTte 0NV TOPOY®YN €1TE OKOUO KOL GTNV VYELR TOV

TPOCHOTIKOV TG PLOUNYOVIKNG EYKATAGTOONG.

Tepdotio axopa e£EMEN elvor ko To machine learning kot to KvBepvoELGIKA

GUGTNLOTAL.

Mo vo kataotobv dvvotd OAo aVTE amapoitnTeg €ival GUYYPOVEG TEYVOAOYIES
dKTOH®ONG TOL EUyuyov Kot Gyvyov Svvaukod (assets) wo Prounyaviog. Ot
TEYVOLOYiEg dkTOMONG Ypnoonoovy IoT acbntmpeg kot evepyomomtég (WSAN)
og WSNs (aoOpparta diktoa) yio. cuALoyN Oykov peydiomv dedopuévav(BIG DATA) kot
amoteAovV TovG 3 Bactkovg Tuimveg (technological pillars) g ropnyaviag 4.0 ta IoT
,EDGE a1 Fog Computing.F]

Industry 4.0 - Technological pillars
Cybersecurity

Cognitive ﬂ Cloud

Computing Computing
RFID ‘\.\
technologies | RFID

Internet
of Things
Big Data/ i

Analytics elc 3 ﬁ 3D Printing
A W

Advanced Robotics

Mobile

Qitechnologies

Machine
o

Technology To Machine

2x.4 Teyvoroywoi [TvAmves tng Bropmyoaviog 4.0
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‘Eva mapadstypo epapproyng eival n xpnon Kapep®v 6To GOYYPovo TEPIPAAAOV TNG
Bounyoviag 4.0. M kdpepo cOyypovng TeXVOAOYiag LYNANG evkpivelag TALov o€
amotedel poévo o Tyn ewovag Onmg oe maperbovtikég emoyés. [a v akpifela
UITOPEL VO aVTIKOTOOTNGEL TAEOV OAOLG TOL ueONTPEG peTd omd training ce éva neural
network.Xe éva cOyypovo otkocvothua pag Brounyaviog 4.0 n TAnpogopia oe popen
streaming data eivor ocvveyng kol €KTEAOVLVTOL GUEGO OlEPYAGIEC KO EVTOAEC

Baciopéveg ota TpdTLTTO KoL pLoTifa Tov £yovpe gleic opioet.

IoT,EDGE xax Fog Computing etnv Industry 4.0

H enelepyacia dedopévav otn Propnyavia 4.0, anortel To mepocoTEPA KOONKOVTA
VO EKTEAOVVTOL TOTIKA AOY® amoToe®mV KOVOTEPN OGS, 0CPALELNS KUL OOUTUEVOV
ogoopévev mov mpémer va SaPipdlovior pEGm TOL ALNSIKTUOV GTIC VINPEGIES

dadkTHov kat 670 “vépogy (cloud).

[Ma va emtevyBel avTo yperaletorl TpoTicoTOS TEPASTI GLAAOYT dedopévav arnd OGO
TOV SLVOTAOV TEPLGGOTEPES TNYEG TANPOPOPIaG. XNV TepinTmon pia Propnyaviog amod

660 10 duvaT®OV TEPLocdTEPQ asSets. To poro awtd tov avarapfdavovy ta 10T devices.

Ot Bounyovikég epappoyés Pacsiloviar cuvnbwg e €va cLYKEVIPWTIKO UOVTEAO
emecepyooiog deoouévav. Aedopéva Tov dNUOLPYOLVTOL OO PLOUNYOVIKES GUOKEVES
[oT(mov pmopel var SVEHOVTOL YEOYPUPIKO GE LU0 EVPELD TEPLOYT|) UETAPEPOVTOL
HEG® TNG VTOOOUNG OIKTVOV GE KEVIPIKO Ypo amobrjkevong. To tedevtaio Tumikd
amoterel 10 kévipo dedopuévov (datacenter) 6mov eKTEAOVVTOL EVIOTIKEC EPYAGIES

eneEepyaciog dedopévav.
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2x.5 Zoykevipotikd Movtého Eneéepyaciog Aedopévov o Blopmyavikég

Eappoyég

Eivon edxoro va moapatnpnbei otn tomoAoyic awtod TOL GCLYKEVIPMOTIKOV
LOVTEAOV(ZY.5), OTL 1 EMKOWMOVINKT VTOJGOUN TOV SIKTVOV Umopel va yivel evKolo

duopevnc, kabdg o apBpog Tov cuvdedepévov cvokev@v 10T avéaverar.

Ta dedopéva mov ovtarrdoocovtor Oo KOTAVOADVOLV TOPOVG ETIKOWMVIOG, CF
avaloyio pe tov aplBpd tov (evéewv (peers) kot ™ OGUETPO TNG TOTOAOYIOG TOL
JKTVOV GHVOESTC.

[dwaitepot TOmor dedopévav 10T (m.y. poég Pivieo, HeTpnoelg o€ TPpayHoTIKO XPOVO)

eMPapHVOVY TEPATEP® TNV VTOOOM] TOL OIKTVOV G€ oNueio vo VILApPYEL aKOH Kot

eEAvTANOT TOV TOPOV.
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Enopévmg, eivar {oTikig onuaciog ylo omoTeEAECUATIKOVS UNYOVIGHOVS Y10 TNV
EAYIOTOTOINGT TOL POPTIOV KIVNONG OEOOUEVOV TOV EYYEETOL GTNV ETIKOWVMOVIOKTY|

vrodoun.

Apa ypetdleton Tpoiun eneepyacio Se00UEVOV GTO AKPO TOL SIKTVLOL Y10 VoL LEIWOET

0 Oyko¢ TV dedouévav kat va Pedtiwbdei n tayvtnta. (EDGE Computing).

X ovvéyewn, omatteitar vroot|pién middleware petald Tov PropnyoviKov
nepfariovtog kat Tov vanpeciav cloud / web. e avtd to mhaiclo, 1 “opiyin”(fog)
givar évo SuvnTIKG Loyiopiké dropecordapnong (middleware)tov pmopei va givon
TOAD YPNOIUO Y10 SLOPOPETIKE PBropmyoavikd cevaplo. EmmAéov, kabnhc to peydio
Bopnyovukd dedopévo glvar covyva addunTe, HTopoLv v KabapioTovv Kot va

eneEepynotodv oto fog tomikd, Tpotod otarbodv oto vépog (cloud) .

To vAkd pépog tov mepipdrroviog FOG ( ovokevég FOG - kouPor FOG) €yxet
duapBpwon pe epapykn oepd. Ot datdéerg FOG yaunAdtepov emmédov cuvodovton
amevBeiag pe cvvaeic ednpeg kar evepyomomtéc. Or ovekevéc FOG Agttovpyovv
cav Ta KEvTpo, dedopévemv (datacenters) oe Eva TPOTLTO VIOAOYIGTIKNG «VEPOVS» KL

WG TAPAYOVTOS TOPOYT LVIUNG, SIKTVOV KOl VTOAOYIGTIK®Y TOPM®V.

Kabe FOG node evtdooetoan oto middleware mepiBdhiov pe cuYKEKPIUEVES
TPOJYPUPES  EMEEEPYOOTIKNG 10YX00G Kol  katoviilwong evépyelag (1oxdg o€
KOTAGTOOT AETOVPYIOG KOl GE OVOUOVI]) TTOV OVIOVOKAG TNV KvOTNTO Kol TNV

EVEPYEWOKY 0mAS0om TOV VAIKOD Tov pépovg.[f]
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Yyx.6 Awdypappa Aapbpoong loT-FoG-Cloud

Yhlomoinon tov Fog Computing oto Industry 4.0

‘Eva. peydro mieovéktnuo tov Fog Computing ektdg amd tnv €yyvTnto GTovg
TEAIKOVG YPNOTEG KOl GVLOKEVEG Elvat 1 VITOGTAPIEN ETEPOYEVELNG OV Dempeital g To

710 S10KEKPIUEVO YapaKTPLoTkd Tov IoT. 8]

H vlomoinon emopéverg tov Fog Computing oto Prounyovikd topéa givor
AmOPEUALN cLVOEdEUEVT e TNV EVPElD YPNON TEXVOAOYUDY OGVPUATNG SIKTOMGNG

acOnmpov (WSN) ta televtaia ypovia.

Ot tegyvoroyieg emkowvmviag Omwe to Zigbee, 10 youning evépyelng Bluetooth
(BLE), 10 mpwtokorrio Internet Protocol Version 6 (IPv6) 6to acvppato diktvo pe
1E)VOL0YIKO TTpdTLTO atomiotiog WIiFi6 epapupoloviat die€odikd. Eniong to acvpuato
diktvo 5G Ba WEEANGEL GNUOVTIKG T ETEPYOUEVA XPOVIQL LE TNV TEPAGTIOL oENGN

TOOTNTOG KOt KAALYN S OKTOOVL.

Ta acvppota  diktva younAng xatovoilmong (6LoWPAN) £€yovv emiong
ypnoonomBei oto Propnyovikd meptPairov. (Xyx.7)

H avdantoén ko yprion acvppatev actnmpov (WSN) kot achppotov Siktomv

evepyomomtav / nyeiov acOnmpov (WSAN) otig fropunyoavieg kabiotd dvvarr
12
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BeAltiotomoinon NG YPOUUNG TOPOY®YNG HE KOADTEPN Jwoyeipion moldTNTOG,
EVEPYELONKT] ACPAAELD, TPOPAEYT COUALAT®V, OXEOAGUO TPOIOVTMV KOl TIGTOTNTA.
[MapdAinia oty eEéMEn tov Fog Computing cuvéBaie N TpOopHOKTIKY adENGN TG
EMEEEPYAOTIKNG 10YV0G TOV TOTIK®V EELANPETNTAOV (SErVers) gite A0y Spikpuveng
™G MBoypapiag gite avénon edKd ta televtaio ypdvia AOY® NG Tapaiiniomoinong

¢ eneepyaciog (Multitasking) oe moAlovc vrodoyiotég (Hive Computing) .

Me T1g te)vOlOYieg OWTEC 1TO duVATOV TO TEAELTALL YPOVIO. Vo VAomoOei to fog
computing mg middleware vanpecio OTOG AVOPEPALE KOl TOPATAVED LE TIG TOPUKATM

TPOJYPOPES :

* Enelepyacia deoouévav ueydiov éykov (Big Data) oe mpoyuotiné ypovo yio vyniés

EMIOO0EIS

» Joypovicuévyy ovAloyn 0EdoUEV@WY Ao TOALODS TOTOVS a1eOnTHP@VY, POUTOT KoL
LUYovoV

* [ pnyopn emelepyacio TV OeGOUEVWV OVIYVEDONS VIO TNV TOPOYWYH OONYIDV Y10, TOVS

EVEPYOTOINTES KA TO, POUTOT UECT OTA. TIPOPAETOUEVO. Oplo. KOBVTTEPNONS

o Mioovvoeon aobufotwv uetald TV 0UoONTHPpWYV Kol UnNyovov uEsw e

UETCPPOTNS KO THS YOPTOYPAPHONS TOD OTOPOITHTOD TPWDTOKOALOD

* Béuioty diayeipion 1600 tov ovotiuatog ¥l
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>x.7 Network Technologies in 10T — Fog — Cloud Paradigm
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10T - Edge - Fog Computing kon oAtk Katavoung Iopmv

Me Vv toyvtatn GLAAOYN Kot EVOldpuecn arobnkevon — queon eneepyacio o€
TomKO TEPPAALOV OV TPOGPEPEL O GLVOLAGUOC TV Teyvorloywwy 10T,EDGE,FOG

AoV givat yeyovog éva Eumvo tepBdAlov pe dedoUEVES apyEG - pouTiveg Asttovpyiag.

Opowg otov avrtinoda 1 cuvimapén OAOV OVTOV TO SOPOPETIKAOV TEYVOAOYLOV
acHpuatng SkTHmong ot1o 1010 GVoTNUA UE TOLTOXPOVN OmOLGI €VOG KOWWOD

TPOTOKOALOV SikTOmong dnuovpyel 1doitepec mpokinoerg. [

H dwyeipion tov nopov oto FOG Computing sivar mold mepimhokn dadikacio
dedopévov 0Tt gumAiékel onuovtikd aplud  koéppov (FOG Nodes) dwapopetikmv
TPOTEPALOTNTOV Kot meptopiopov mwopwv. (diversial and resource constraint FOG
nodes), pe otdyo v KdAvyn g vroloylotikng {Atmong tov 10T cvotudtov pe
Kotovepnpuévo tpomo. H evoopdtmon tovg 610 vmoloyiotikd «vépog» (CLOUD)
TPOKOAEL TEPAUTEP® SLOLPOPOTOMGELS GTN cuvovaouévn dayeipion towv mopwv. H
EKAGTOTE GLYVOTNTA AVixVELONC TV cLokeLAV 0T, N Kataveunuévn doun PApPLOYNG
KOl 0 GLVTOVICUOG TOVG emiong enmpedlovv ) dayeipion TV mOpwv ce TePPaAlov

VTOAOYIGTIKNG opiyAng M

EnepPaivovtag eite «yepoxivnron elte pe v ypnon teyvoroyiog A.l otig
TOPAUETPOVG AelTOVPYiaG TOV SIKTHOL AVTOV UTOPOVUE VO PEATIOCTOTOMGOVUE TNV
TayOTNTO TOPAYOYNS, TNV HEIWON TNG KATAVOA®ONG EVEPYEWS OKOUO KOU TNV

TPOANTTIKY) GLVINPNON TOV UNYOVIULATOV.

Onwg tpoavaeépOnke Ta povtéda kot ot adyopBpot eivorl avutol mov amodnkevovtan
Kol To dgdopéva TepvoHV HEGO amd avtd Yo avdAvon. Avtd to €i00¢ TG avaALoNG
kafotd dvvatd tov eviomiopnd kKou v e€€tacm potifwv o mpoypaTikd ypovo.
Enopévac, avdioya pe Tt TOATIKY KOTOVOUTG TOPp®V 1 omoia BEAovLE Vo EQaplLOCTEL
(e€owovounon evépyelac, toyOTNTO KAT.) Tpocapuoletar o alyoplOpog mov Exel

emreyBel Ko avardymg ennpedletal OAOKANPO TO OIKOCVLOTNHA TG Plropmyoaviag.
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2. ANAXKOITHXEH AATOPIOMQN KATANOMHYX ITIOPQN
XE KATAXKEYEX FOG

H tepdotia etepoyévela teMkmv ocvokevdv (10T) kar teyvoloyidv acHpuoTOv
vrodiktowv (wireless subnetwork technologies) oe eyyotnta pe tovg TeEAKoNE ¥PNoTEG

OTOTEAOVV 0L TPOYUATIKOTNTA GE Vo GVYYPOVo TtepBailov Bliopnyaviag 4.0

Amd Tig vinpecieg mov mpoopépel to Internet of Things oto mepipdiiov avtod
ONUOVTIKOTEPEG €IVOL OLTEG TOL KAVOLV GLAAOYT OEOOUEVMOV UE TOVTOYPOVN ANYN
OmMOPACEDV GE TPAYHATIKO YPOVO, OMMG TY OVOYVOPLCT] TPOCHTOV KOl YEVIKY|
EMTNPNON TNG TOPAYOYNS e Kapepes. KOplo xapakmpioTikd avtdv 1MV DANPECUDY

gtvon ) dmuovpyia peydrov dykov dedouévov (BIG DATA).

o va viomombel peta@opd avtov TOL TEPAGTION GE  OYKO Ogdopévav  oe
npaypatikd ypovo, otovg andpakpovg CLOUD SERVER e tepdotio ene&epyaotikn
oYL OOV N AVAALGT SedOUEVOV ElvaL ATOTEAECUOTIKY Kot dueon, Oa ftav Wwitepa
damavnpd. [oapdiinia pe To Tapamdve YEYovos , 01 TANPOPOPIES UTOPEL VO OTALTOVY
npo-eneéepyacio oe yodpo uvnung (.. face recognition training). Qg ex tovtov, N
gpappoyn g oe kouPovg IoT oaxdéua ko edge devices,mov ocuvvifog eivol
TEPLOPICUEVNG EVEPYELOG LLE TTEPLOPIGUEVT] EMEEEPYOCTIKT 10YV, UTOPEL VO TPOKOAEGEL
onuovTikny vrofdduion g amddoong, dNAadn younAn axpifeia 1 vVYNAOG TOGOGTO
o@éiporog.[to

Enmopévmg, PAémovpe 6t 1 gprion 6Awv tov ototxeiov l0T-Edge-Fog-Cloud sivar
OTTOPOATNTY Y10 TV AELTOLPYIO TOL OIKOGVGTHOTOS KO OE UIopel KavEVag TopdyovTag
oy00g va maparelpdel. Eniong eivan amapaitnn n e0pvbun Asttovpyio HEG® cOGTNG

KOTOVOUT G VTOAOYIOTIK®V TOP®V o€ KAOe eninedo.
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INUOVTIKEG EMIONG E1vol Kol 01 TPOSLY PAPEG AEITOLPYIOG TOV 01IKOGLOTNUATOS. Evd
oLV 0BG diveTOL TPOTEPALOTNTO GTNV UIKPT KATAVAAMOT) 16Y00G OTIG TEMKEG CUGKEVEG
KOL GTN TOYLTNTO ANYNG TOV ATOQACEDV 0€ £lval Ayeg 1 OpEG OV EXOVLE ETIAOYN

KOPLOG 1) GUUTANPOUOTIKY TNG KOPLOG TAPAUETPOV, SLUPOPETIKN OO TIC 2 TOPATAVE.

Mepkég and Ti¢ Bactkég TapapéTpovg Tov 0pilovy TV AEITovpyia Kot TV KaTovoun

nopwv o€ kataokevég FOG og pia Bropnyavia 4.0 propet va etvat:

1. Toydmra Ayng Atoedcewv (.. EVEPYOTOMTES )

2. Koatavaiwon Evépyeslog otig TeMiég ZuoKeVEg

3. Iepropropdg Evpovg Aedouévmv tpog CLOUD (bandwidth restrictions)
4. Tlepropiopog Xapov anobrxevong oto FOG.

5. Quality of Services (Q0S) yia dedopéva VYNANG EUTIGTOGVVIG 1} KPIGIU®OV

OTOPAGEMV.

[Twv.1 Baowot [apaperpor Asttovpyiog Kataokevav FOG

Kowog mapovopaostic OAmV Tev TapoueTpmy oVT®V VoL QUOTKE 0 TEPLOPIGUOS TOV

KOGTOVG OO,
i) Avyotepn Evépyera — ©Onvotepog Y Akoteyvikodg EEonlopog
i) Aryétepog Xpdvog yia tnv ida amddoon
iii) Bektioon Yvyeiog -XvvOnkov Epyaciag-Acodietog

Mepucég and T1g Oewpieg mpocéyyiong katavoung topwv pe Pdon tov mivaxkoa 1 Oa

TOPOVGLAGTOVV GTT| GUVEXELL.
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OEQPIEY - AAT'OPIOMOI

Ext0¢ TOV cvYyKeEVTp®TIKOD LOVTEAOV TTOV avaAVONKE GE TPOTYOOUEVO KEQPAANLO
2x.5 &xovv avomtuyOel didpopec Bempieg TPOCEYYIONG GTNV KATAVOUN TOV TOP®V GE
éva vtoLoY1oTIKO dikTvo TEYVOAOYiag FOG. Mepikéc amd avtég etvar Kot ot

TOPOKATO:
1. PETRINETS
2. VIRTUALIZATION-VIRTUAL FOG

3. AOP- ADAPTIVE OPERATIONS PLATFORM

2.1 RESOURCE ALLOCATION STRATEGY WITH PRICED
TIME PETRINETS

Mo KOTOGKEDT) VTOAOYIGTIKNG OpiYANG Umopet va amocvvtebel otn cvvOeon,
EPYACIAOV TOV EKTELOVVTOL GE TOPOLG OiYANG otovg kopuPovg FOG. Mg Bdon avtd to

oLALOYIGUO glvar duvaTov OAeg Ol epyacieg VO VOGS SIKTVOV VITOAOYIGTIKNG

opixAng va. avaBovv oe dictva Petri kot 6HvOson-aiinkovyisg avtdvy. 1

To Petri-Net (PN ) eivon puo tpuAn axorovbia (tuple) N=(P,T,F) 6mov

P={pl, p2, ..., pm}, m> 0, givon éva nemepacpévo cuvoro BEcemv,

T={t1, 12, ..., tn}, n> 0, givar £va TENEPAGUEVO GUVOLO LETAPACEDV,
omovPUT=0pxouPNT=0,

F<Z (PxT)U (T x P) eivan £éva cuvoro katevBovopevav t16Emv (oxéon pong)

t ovopdleton petdfocn €160d0v tov p Kot p ovopdletan onueio e£660v ToL t av (t, p)

€ F.

Zmv tputAn akoiovBio avty PN propet va eicaybei o mapdyovtag Tov KO6GTOVGS

HEG®
o) Kootog Xpdvov odokAnpwong
B) Koéotog Tyung.

To mopaydpevo PN ovopaleton PTPN.
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Mia odinrovyio Priced PN (PTPN) e&unnpetel didpopeg epyaocieg (tasks) dmmg

QOIVETOL GTO TAPAKAT® GYNLLOL.

PTPN 1 Epyacia

PTPN Xvveyoueveg Epyacieg

PTPN KAddog Epyaciav >x.8

Yvykexpyéva yio tn mepintoon PTPN kkddov yua 2 tasks TS1 ko TS2 mov

epappoletat og ovototyieg FOG eivau:

(Pi, Ti, Fi, MOI, 1i,Ci)(i = 1, 2).

PTPN = (P, T, F, M0,7,C) tov gpyacidv khdadov TS1eTS2 nov opilovror wg:
1) P = PIUP2U{Pin, Pout}, T = TIUuT2U{t11, t12, t21, t22},
F=F1uUF2uU {(pin, til), (ti1, pin,i), (pout,i, ti2),

(ti2, pout)}, (i =1, 2), kou MO = MO1 6 M02 D
M(pin, pout).
2)1: T — R+, 6mov 1 (t1) = 11(t1), © (t2) = t2(t2).

3) C: T — R+, émov C(t1) = C1(t1),C(t2) = C2(t2).
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To Zy. 8 deiyver T doun PTPN dvo epyaciav kKAadov. Mmopet va gavel amd to

oynua Ot Yo 00O epyacieg KAGOOL: AV
ekteAeitan otov mOHPo tl, T0 KOGTOG YPOVOL Yo TV OLOKANP®GN TOVG Eivat
(t1) =7 (t11) + 7 (t1) + 7 (t12)
T0 KOOGTOG TG Y10 TNV OAOKAT PG TOVG Elvail
p (t1) = C (t11) + C (t1) + C (t12)
AQOopETIKG, EQV EKTEAOVVTOL GTOV TOPO t2, TO KOGTOG XPOVOL Yid
O0AOKANP®OT TOVG Elval
(2) =7 (121) + 1 (t2) + 7 (122)
T0 KOGTOG TIUNG Elval
p (2)=C (121) + C (12) + C (122).

A€gdopéEVOL OTL eV UTOPOVLE VO YVOPILOVLE EK TOV TPOTEPWV GE TOLOV KAGOO TOL

KaOnKovta o EKTEAEGTOVV UTOPOVLLE VO EEETAGOVIE TO KOGTOG XPOVOL KOl TO KOGTOG
NG ©G

ol (t1) + ®2 (12) ko ©1p (t1) + ©2p (12)
avtiotorya, omov ol + w2 =1, o1, ®2 eivon o1 mBavoTNTEG VOL

ekTEAOVVTOL 0€ KABE TOPO, avTicTOLYO.
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2x.9 PTPN Zvyypoviouéveg Epyaocieg

1) P=P1uP2u {pin, pout}, T=T1uU T2 U {t11, t12},
F=F1uUF2u{(pin, t11), (t11, pin,i), (pout,i, t12), (t12, pout)}, (i=1, 2),
ko MO = M01 @ M02 @ M(pin, pout).
2) 1:T — R+, 6mov 1 (t1) = t1(t1), T (t2) = 12(12).
3) C: T — R+, omov C(t1) = C1(t1),C(t2) = C2(t2).

To k6610¢ YpdHVOL Y10 TNV OAOKANP®OT TOVG Elvart

T (t11) + max {t (t1), T (t2)} + 1 (t12)

To k66TOC TIUNG Y100 TV OAOKAP®GT| TOLG Eivor
C (t11) + C (1) + C (t2) + C (t12).

Xe autn ) mepintwon (Xx.9), dev vdpyet eEGpTnon HETAED SVO EPYAGLOV TOV
EKTEAOVVTOL TOVTOYPOVA, OAAL ETMAEYETAL O LEYOADTEPOG UETAED TMV 2 XPOVOV

OAOKAN PGS TOV OVO EPYACLAOV.
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>x.10 PTPN Bpdyov epyocidv K emavarqyewnv

Ynotifeton 61t 10 PTPN ¢ epyaciog TS1 eivan
(P1, T1,F1, MO1, t1,C1).
PTPN = (P, T, F, M0,t,C) ue gpyacieg fpdyov ®TS1

1) P=P1lu {pctl, pout}, T=T1uU {t11, t12},

F =F1u {(t11, pin,1), (pout,1, t11), (pout,1, t12), (pctl, t11), (pctl, t12), (t12,

pout)}, koau MO =MO1 @ M(pctl, pout).
2) ©: T — R+, omov 1 (t1) = t1(t1).
3) C: T — R+, 6mov C(t1) = C1(t1).
70 KOGTOG YPOVOL Y10, TNV OAOKANP®OT| TOVG Elvar
kt (1) + (k- 1)t (t11) + 1 (t12)
T0 KOGTOG TIUNG Y10 TNV OAOKANP®GN TOVG £ivat

KC (t1) + (k - 1) C (t11) + C (t12).
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Yevapro E@appoyig

"Eva oevapro epappoyng etvar diktvo FOG yia tovpiotikég enyelpnoeic. Baoukég

npobmobécelg
1) yapnAdg AavBdavovtag xpovog,
2) gvupeia YEWYPAPIKT KOTOVOUN

3) vynAn KIvnTIKOTNTAL.

To dudypappa pong epyasiodv (Zy.11) kot 1o poviédo epappoyng Tov diktvov FOG
nov gpappoletat o akyopiBuog PTPN(Zy.12) napovsialovton mapokdto.

Xyx.11  Abdypappa Pong Epyoaciov

2x.12 Movtého Epappoyng Akyopibuov PTPN

[Moapatnpeitor 6T pon epyacidv Tov diktvov FOG pmopel va avaivbel og Bpdyovg

PTPN kAGd0ov £pyacidv, GLYYPOVICUEVMV EPYACLOV KOl EPYACLOV ETUVIANYEDV K.
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oMt Katavopg Iépov o PTPN

H moArtucn katovoung mopmv tepioTpEPeTan YOP® amd TV SApUOPPOCT TOV pOMV
Tuple. AvaAoya pe Thv pop@en 10V LOVTELOL €Qapuoyng aAyopiBuov PTPN mov Oa
epappootel kabopifovral 1 KaTovouq ToV KOGTOVS Kol TOV XPOVOL EKTEAECTG EVOG

KOKAOV AELTOVPYIOG TOL OIKTVLOV KOL 1] POT} EPYUCLOV.

Emopévac o akyopbpog avtog éxet epappoyn oe tuple kon application based
OTPATNYIKES OOV KLpiapyo poOro dtadpopatilel  Lopen TS apHpMOTNS EPUPUOYNS T
EPAPLOYDOV TOV OaL EKTELEGTOVV GTO VTOAOYLIGTIKO OTKTLO TNG OUIYANG Kot Ol LOPPES
TOV POOV TOV SEGOUEVAOV Kol Oyl TOGO TOAD TO. PUOTKA YOPAKTIPIOTIKA 1 M

tomoAoyia Twv FOG ka1t EDGE Nodes tov diktdov.
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2.2 VIRTUAL FOG: A VIRTUALIZATION ENABLED FOG
FOR 10T

Ye évo TOAVLEMIMESO TAGICIO VTOAOYIGTIKNG OUiYANG Yoo KaAVTEPN vTOGTHPIEN
epapuoyav IoT, mov nephapPdaver 6ha to emineda katd pnkog tov Cloud-to-Things

o Tpocéyyion ewkovikoroinong (Virtualization) mopovotdlel eaipetikd evolopEpov.

Ewdwotepa, mn  ewkovikomoinon avagEpeTol o€ Evav  UNYOVICUO  agaipeong,
OTOXEVUEVO OTNV OOKPLYN AETTOUEPEIDV TNG LAOTOINONG Kol TNG KATAGTOONG
OPIGUEVOV VTOAOYIGTIKOV TOP®V OO TEAATEC TV TOPOV OVTAOV (T.)Y. EPUPUOYEGS,
Ao cvotipata, ypnoteg kAm.) H ev AMdyo agaipeon pmopel gite va avaykalet évav
TOPO VO CUUTEPLPEPETAL G TAEWON TOPpwV (T.y. pid cvoKeLY] amoBKELONG
o€ O10KOLGTH TOTIKOV SIKTVOV), £1TE TOAAATAOVG TOPOLVE VO GUUTEPLPEPOVTOL MG EVOC

(1. GLOKEVEC omoPKeEVONG 08 Katavepnuéva cvothipata). !
Xroyeio Ewkovikomoinong Awktvov 10T-FoG
A) Eiwxovikomoinon AieOntipwv

‘Eva etkovikd avtikeipevo (VO) mopéyet pio. oNUAGIOAOYIKY TEPLYPOOT) TMV
SLVATOTHTOV KOl 1010THTMOV Y10, TO GYETIKO OVTIKEIEVO TpayHaTikKov kOGpov. [Tapd Tig
€TEPOYEVEIC Agttovpyiec, o1 Puokol aeONTPeg cLVNOMS EVoOUOTOVOVTAL UE EVOV
EMeEEPYAOTN, WO UIKPT) TOCOTNTO UVIUNG, UEPKEG QOPES EEMTEPIKT| LVIUN TOTOL
flash, povada tpoeodociog, pHOVAdL OviyveLONG KOl OAOKANPOUEVO KOKAMLLOL

EMKOVOVING.
Ola avtd o ototyeio (LvAun, ETeEEPYOOTIKN 16YOE K.AT.) LTOPOVV EVOEYOUEVOS VO
dnuovpynBovv kot vo vAomomBovv g mapovacieg eikovikov Aoyiopkov (Virtual FoG

instances), ot oroieg PrAo&evovvtal o kKOuPovg Fog e Tpayrotiky puoiky vroctaon.

210 Xy.13 moapovoidlovtal 600 KOPIEG POEG EIKOVIKOTOINGNG AVTIKEUEV®V, ONANOT,
EIKOVIKOTIOINOT G€ EMIMEDO AEITOVPYIKOD GUGTHUATOS KOl EIKOVIKOTOINGT G EMIMEDO

VAKOD.
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¥x.13 a) Ewovikoroinon Avtikeyévov og Eminedo Agttovpyikod Zuotiuatog Kot

og Eninedo YAwko0

b) Ewovikomoinon AtsOntipa oe Fog Node

B) Aiayeipiotiic sikovikomoinong aviikeiuévav (OVM)

Evd éva ewcovikd avtikeipevo (VO) givar éva dopkd otoryeio yio tn Bdon tov
EMIMEOOV  EIKOVIKOTOINOMNG  OVIIKEWEVDV, O  OLUYEIPLOTNS  ELKOVIKOTOINONG
avTikelpéEvay (OVM) sivar vrehBuvog yio tn 010 Elpion Kot EVOPYNOTP®GT| EIKOVIKMOV

KOl QUGIKAV OVTOTHT®V OTM¢ omekovilovtal oto Xy. 14

Xx.14  Alktvo YTOAOYIGTIKNG OUIYANG LLE EVEPYOTOMUEVT] EIKOVIKOTOINOT
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Apywcd, €vag owyxeprotc Ewovikomoinong Avrtikelpuévov extelel dwoyeipion
KokAov {ong tov avtictoryov VO, courepthapfovouévng e onuovpyiog Kot Tov
TepUaTIoHOV Tove. Emiong ivar vrevBuvog yioo tnv avakaivyn Kot Ty eyypaen, T

TaPOoKoAOVONOT Kot GUVTOVICUO, KOOGS Kot 0VATTLEN KoL TPOYPOUUUOTIGHO QVTOV.

[MapdAinia pe to mapoandve Evac OVM dwotnpel éva apyeio dapdpewonc tov VO
ov elvarl emeepydoo amd TOmKOVG KOl / 1] OTOUOKPLGHEVOVS ¥pNoTeEC. MOAG
katayopndet éva ewkovikd avtikeipevo oe évav OVM, Bo katefdoel 10 mpoeih
SUOPPMONG TOV, £TCL MOTE VO EKTEAEITAL GUECO 1 OVTONOTH SAUOPP®ON Kot M
aVTOPPLOUION Yo TNV OVATTTVEN VINPESIOV. [0 TEPATEP® EMITEVEN EMUYEPNUOTIKNG
gveMéiog, évag OVM elvan eE0mAMOUEVOG e OETAPT] TPOYPOLUATIGHOD EPAPULOYDV
(Application Programming Interface) Aeyopevo OV-API, péow tov omoiov, ot ypnoteg
TOV OIKTOOV OUYANG UITOPOVV VO AAANAOETIOPACOVY YPIYOPX LLE EIKOVIKE OVTIKEILEVAL

v dtaxeiplomn Ko Stpdpe®MOT| TOV TILMV TOV GUOIKOV ausOntipmv.

27

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



Awyeipron Ilopmv o€ diktvo 10T-FOG pe vanpeoiec Ewkovikomoinong

H amoteleopatikn Swayeipion mépov eivar vyiotng onuoaciog ywoo tnv enitevén
avaTtepng anddoong o€ Eva mepimhoko loT okosvomua. o T0 okond avtd, o OVM
emPAénel v Katavour tépwv dAwv tov VO otov koupo Fog, dacparilovtag 6Tt
kéBe VO €yl apkeToOg TOpoug Yo va eEAcPaAIcEL TNV TO1OTNTA TV LN PESIOV (QO0S).
Edv 0 vrodoyéag (cvokeun | mAn0og cuckevmv FOG) evog VO givan vteppoptopévo,
10 OVM 0o pet’ gykatactoet To VO o€ £va vEo vTodoyéa e TEPLGGOTEPOVG TOPOVG,.
Mmropei eniong va peidoel TNV dEGUEVOT) TOP®V 6€ VITOdoYElc VO mov &xouv Aryotepeg

gpyaoieg va emreAécovy.

Me v amotelecpatikny ot dlayeiplon eivat SUVOTOV VO EKTEAEGTOVV TOADTAOKEG
dlepyaocieg Kot ap ITEKTOVIKEG SIKTVOL HE dUVOUIKES TPOPAEYELS adAayng neyEBoug 1
EPAPLOYDOV-LOVTEAOD ekTéEAEONG. ['eyovita Omm¢ peydin etepoyéveln acOntipov,
TOALOTAGL €KOVIKA ovTikeipeva og 1dtovg vrodoyeig FOG, kabdg kot Kivovvor amd
KOTAGTPOPT 1| SOUGAELTOVPYIO PLUGIKMOV AVTIKEIUEVOV TIov ovTictolyovy o VO ,dev
amoTeAOLY TPOPANUA Yo TV dtoyeipton TOpwv pe Ewkovikd Atoyelptot] AVIKeEVOV

(OVM)

Edv ot cvvolikoi @uoikoi mépor eivar mepropiopévor otov kopuPo Fog, pepkot
alyopifuol 6mwg 1 Katavoun mopwv PACEL TPOTEPAUOTNTAS LUE CLUEOVIN EMUTEGOL
vanpeciog (SLA) 8o pmopovsav va epappoctovv. I'a kabe VO, epapuoletarl Evag
unyaviopodg ovpdg (queuing mechanism) yuo tig sloepyopevec epyaciec. Opiopéveg
TEXVIKEG EVPETIKOV TPOYPAUpATIGHOV (.)., first-come first-serve, round-robin k.Aw.)
eQapuOovToL EMIOMG Y10 EKTEAEGT] TOV EPYOCIMOV LE TOVG TOPOVS TTOL doTifevTon GTOV

vrodoyéa FOG.

Emopévog oto povtého avtd mapatmpeitor 6t vdpyel kopo eoticon méveo ot
TEYVIKG  YOPOKTNPIOTIKA KOl TNV CLUVOEGHOAOYIO HETAED TOV PUGIKAOV OVIOTHTMV,
kabdc o OVM «abopilel Tig mpotepaundNTeg 68 WOPOLS We Pdon v vanpecio
TOOTNTOG TAVTOTE HE YVAOUOVO OLTO TO TEYVIKE YOPOKTINPIOTIKA TOV QLUOIKOV

ovtotTev ov erho&evovv o VO.
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2.3 AOP- ADAPTIVE OPERATIONS PLATFORM

H mhatedéppa mpocsappoostikedv Asttovpyidv (AOP), éxel g okond v PeAtioon
NG OMOTEAECUOTIKOTNTAG TNG EPOPUOYNG O £€vol SIKTLO VLTOAOYICTIKNG OMiYANG
AapPavovtag voyn to povtédo ootoyiog €SomMopol Yoo TV avamtuén kot

Srapdpemon kabe cuykekpiuévng vrodoung. 6!

H mhatedppo dtocuvoéetarl pe KOTOOKEVAGTEG EEOMTAMGHOD KOl TIG EMXELPTCLOKEG
OlOIKNOELS VTTOOOUMV EMOTTIKOV €AEYYOL Kol oamoktnong oedouévav (SCADA),

TPOCOEPOVTAS TIC 0KOAOLOEG dUVATOTNTEG:
A) AvvatoTnTo GTOV KATOGKEVOGTI) TOL EEOTAIGLOV VL

* Awoyeptotet T dnpocicvon g TAATEOPUAS TOL LOVTELOL OmOTLYI0G TOL oyeTilETON

pe kdOe cuykekpévo THmo eE0MMGLOD.

* Aloyelprotel ta SkodpoTo TpoOcPacns kKée dNUOCIELIEVOD HOVTEAOD OOTLYIOGC.

» Kataypdwyet tv mpdcPaon kot T yp1ion Kae SNUOcIEVUEVOD HOVTEAOD OTOTLYIOG.
B) Avvatotta dwayeipiong g vrodoung SCADA wg mpog tnyv:

* Awoygipion g cvvdpoung (dnA. Eyypaen kot katdpynon eyypogic)

0TO HOVTEAO 00TOYI0G TOL oyeTileTan pe KaBe cuykekpévo TOmo eE0MAMGHOD.

* Bdomn dedopévav epotnudtov yio LovTEAN amoTuyiog Yo EKetva Tov Tonptalovv pe

dedopéVo GHVOAO 1010THTOV

Xx. 15 Apyitektovikn TAOTQOPLOC TPOGAPHOCTIKOV Agttovpyldv (APO)
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Onwg anekovileton oto Xy. 15, To AOP glvar dopunpévo og popen vanpeciog
EMITEOWV:

* H Ynodoun Fog mov mepirapPdvet eE0mAMGHO SIKTH®ONG e CLUYKEKPIUEVEG

duvatodtteg Fog kot mpoPArémet vanpecieg emkovmviag and aKpo o€ dKpo.
* To Aettovpyikd cvomnua vrootpiéng (OSS) mov aflomotel v

Ymodoun OuiyAng yio tnv Topoyr Twv cuvibmv AEITovpYldV dloyeiptong

TEPLOVCIOKAV GTOLXEI®MV Kol VTOGTAPIENG EMYELPNOEWDV (TT.). OTOYPOAOT,
GULVTNHPNOT), TOPOYN KAT.)

['a va a&loromoet amotedecpatikd Bacikd yapaxtnpiotikd e Yrnodoung Fog,
10 AOP mepthopfdvet dipopa Aertovpytkd ctoryeia.

210 oynuoa 15 gaivovrtal ta facikd cuoToTikd oTotXelo TNG apyLtekTovikng. To
Aertovpykd otoryeio Model Building (MB) cuvovalet otatikéc mAnpopopieg oyetikd
pe o povtéda actoyiog tov eEomAiopon pali pe dvvapikéc TAnpopopieg mov
GLYKEVTIPAOVOVTOL OO TNV O1APKELD AEITOVPYING TOL HOVIELOL 6T Blropnyavikn
EPAPLOYT. ZTO TPOTNYOVEVH dEGOUEVO VITAPYEL TPOSPacT amd T Pdorn dedopévav
TOL HOVTELOL amoTvyiog (amekoviletar wg povtédo DB oto Zy. 15). mov mapéyet pia

OLETOPY] GTOVG KOTAGKEVUGTES Y10l EYYPAPT] KO EVIUEPWOGCT] QVTAOV TWV TANPOPOPLADV.

210 Aertovpywd otoreio Rule Mapper (RM) €xer avatebel yaptoypdaenon tov
CUVTOYHEVOL HOVTEAOL HE €va. GOVOAO KOVOVMV YEPIOUOD KUKAOQOPING KATOVONTMV
and v vrodoun Software Defined Networking (SDN). I'ia k40e cvykekpyuévo tHmo
eEomlopov, 1o RM aAdndoendpd pe to MB péow g oemapng Iz (Zy.15 yw
mpocPacn ot KATAAANAN €KkS00T TOL GYETIKOV cuvtayuévov povtédov. Kavoveg
YEPIoPOL KLUKAoPOpiag (dnAadr|, kavoveg DMo,Data in Motion) e&akolovbovv va,
VIApYoLV o1 Paon dedopévav kavovoy (ameikoviCovtal g Kavoveg DB oto Xy, 15)

V1o €Aeyy0 TOL oTotKElov RM.

Mo Bdomn dedopévov (amewkoviletor g DB vrodoung oto oynua 15) mepiéyet
TEPLYPOPES TV CVOKEVOV TOV TEPIAAUPEAVOVTOL TNV LITOJOUT, TN O1dTaEN avamTLENg
Kol Ol00VVOECELS OVTMV (Y. TOTMOAOYio OWKTO®OONG K.AT.), pall pe Tn OYETIKN
dtpdpemon kot puduicelg mapoyns. Ot kavoveg yeptopold g Kukhopopiag eivat

npocPaciuotl pécm tov otoryeiov RM péow g demapng Iz mov gaiveror oto Zy.15.
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Yevapro E@appoyig

To ocevapid vrd e&étaon amoteAeital and N aisOntipeg mov mopakoAovBovy TV
KOTAGTOON TOV pNYOvNUATOV o€ ovamtuén evtdg tov dwetvov. Kabe arcOnmpog
OVOPEPEL TOKTIKA TIC KOTOYEYPOUUUEVES TILEG LEC® EVOG OPOLLOAOYTTH GE £VOV KEVTPIKO
dlakopotn, OTm¢ aneikoviletor oto Xy. 16. O petpnioeic amodnkevovion o€ po fdon
dedopévev kot amewkovifovtar oe €vav yeploty. O o10x0g NG avanTLENG TOV
APV Kol 1 CLYKEVIP®MON TV HETPNoe®V &ivar m dlepedvnon mbavov
OVOUOAIDV GTOL UNyYovipaTo mov mopokoAovBovvial. To cevdplo mov efetdotnke
dokipaleTar ¥pnoomoldvTog and tn pio TAgvpd Evav koo dpoporoynty (Xy.16A)
Kot omd TV GAAN évav dpoporoyntr / THAn mov vrootnpilet DMo (Zy.16B), e ckomd

1 GUYKPLOT TOL KEVIPIKOV GYNUATOG e TNV TpocEyyion APO.

2x.16A Zevapro v e€étaon AOP pe ypnomn amkod dpoporoynty

2x.16B  Xevapio vmo e&étaon AOP ue yprion DMo Spoporoynm
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E@appoyn ywo peioon Kokhogopiog Iokétmv Agdopévmv

X€ QUTN TN TEPIMTMOT TOL GEVAPIOV EPUPUOYNG POiveETOL I HEI®OT TNES TOGOTNTOG
TOV 0e0OUEVAOV TIOV (TAVOLV GTO YEWPLOTH (Kot amofnkedovtal 6To 1GTOPLKO)

YPNOLOTOLDVTAG EVav dpoporoynti mov vrootpilet DMo.

To oevépro amaptiletor oand acOnpa Oeppokpocioc N petpicewv oe ypovo t pe
TwéG oto ddotnuo (50,70) xoatd Gaussian kotovoun kot THEG €KTOC OLTOV
KOTOYEYPOUUUEVEG O  OVOUOALES. [Mpokeévor va pewwbelt o Oykog TV
amoOnkevpévev dedopévav, lvar duvatdv va epaprdcel n tpocséyyion AOP. Xe avtrv
NV TEPITTOGT, 0 SLOKOUIOTNHG eKTeAel adydpiBuo Machine Learning (ML) (m.y. k-
Means) mov eivol eKTUOELUEVOG VO KOTOVONGEL TI PUGLOAOYIKY] GLUTEPIPOPA TNG
OLOKEVNG. XTN CLVEXEW, ypnolpwomoldvtag to Rule Mapper (RM), opiletanr évag
KOVOVOG Yoo ANYN UOVO OEOOUEVODV EKTOG TOV (PUGLOAOYIKOD €DPOVG Yol TNV

aVayvVOPLoT avVOULOA®V. AVTA To dedopéva Bo GTOAOVLY MG CLUPAVTO GTOV XEPLOTY.

2y mepintoon pog, o ML deiyvetl 611 0 pécog 6pog tmv Aapfoavopévey Tomv sivot
Kovtd 610 60, TOL AVTIGTOKEL GE KOVOVIKY] GLUTEPLPOPA Kot 6TéAVEL 610 DMo évav
véo kavdva mov Kabopilel 0 SpopoloyNTAS Yo TPOMONGT 6TOV SUKOUIGT LOVO TIULMV

TOV OVTITPOCSOTEVOVY OVOUAALES, T.X., 6T0 €0pog [0, 50] ko [70, 100]. [Ipopavag,

10 €0pOg umopel va puOGTEL S10POPETIKA avaAoya e TO OPlaL.

2x.17  TIA00g Maxétmv kot Xpnon [oépwv CPU o APO didtaén

Yndpyet tepdotia peimon otov aptBpd petadiddpevov tokétov. To Zy. 17, ansuovilet
emiong 1 ypnon g CPU tov dpoporoynty. Iapartnpovpe 6t n yprion DMo a&udvel

uovo 1o 8% g CPU yia peimon oto 1/3 TV €168p)oUéVmV TAKETOV.
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Mot Katavopg Iéopav o APO

H moArtikn katavoung mopwv ce pia APO gpappoyn Bropmyaviag 4.0 sivor 1dlaitepa
eVEMKTN Kot TOAVTAOKN. Me v ypnon routers pe DMo éxovpe elcaymyn
TPOYPOUUOTICOUEVIG TEXYNTNG VOILLOGVVIG GTOVG OPOUOAOYNTEG Ol OTTOI0L EKTEAOVV
SVVOUIKES OTOPAGELS OYETILOUEVES LLE TNV GMOOT AELITOVPYIC TOV GLOKELAOV OIKTHOL

10T,FOG ka1 evnuépwon TG KATAGTACT) TOVG GE TPAYUATIKO YPOVO GTOVS XEPLOTEG.

To diktvo pmopei va Tpocapudletal SLVOUIKE DCTE VO ATOKAEIOVTOL Ol GLGKEVEG
OV TOPOVGIALOVY OVOUUAIEG OTN AEITOLPYIOL TOVG KOL VO EVIUEPDVETOL GUECO O
KOTOOKELOOTNG Y10 LEALOVTIKT avTiKatdotaon Tous . 'Etol de ypetdletar va vrdpéet

xPOVOG apyiog Yoo GLVTIHPNOT TOV EALATTOUATIKOV 0cONTAP®V 1| GLGKELMV.
Enopévoc oto povtého APO mapatnpeitar 6Tt vapyel koplo €otioon TAve oty

duvatdHTTO XPNONG OPOUOAOYNTMV HE KOVY EMEEEPYAGTIKNG 10Y0 Kot TOPOVS , UE

duvatdHTNTEG AMYNG AmOPAGEDVY Yia BeATimon g tayOppuOung Kot vyoHg Asttovpyiog

TOV VTOAOYIGTIKOD SIKTVOV OUiYANG.
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2.4 XYI'KPIXH AATOPIOMOQN KATANOMHX ITIOPQN KAI EIITAOT'H
I'TA TPOXOMOIQXH

Ot 3 oahyépiBuot-poviéla mov ava@épape mapovslalovy OpolOTNTEG OAAG Kot
ONUOVTIKEC SPOPEG AV Kol OAOL IKOVOTTOOUV TTANPMG TS PooIKES TapAUETPODS

Aertovpyiog katackevmv FOG tov mivaxa 1.

Juykekpluévo o kabévag Toug €xel O10QOPETIKY €0TiOoN AV OGNV GOYYXPOVN

apyrtektovikn evog 10T-Edge-Fog diktvov vmodoy1toTikig opuiyAng.

1. O alyépBpoc VirtualFOG, eotidlel 610 VAKO péPOG TG VAOTOINoNG Kot
ovykekpévo otV Peltiotonoinong g Aettovpyiog tov module kot tuple tng
EPAPLLOYNG VITOAOYIGTIKNG OUiYANG HEG® gKoVIKOTOINOoNG TMV S1a0EGIUMY TOPOV
TOV PLGIKMOV GLGKELAV.

2. O oiyop1Ouoc PTPN eoTidlel 6TIC EVOTNTEG EQAPUOYOV KO POEC TMV dedoUEVAY
péow podnpotikng avoloyiog pe diktvo PetriNets avapeso otig VAKEG GLOKEVES.

3. To poviého APO eotidlel oty PeAtioon Tov VIOAOYIGTIKOD SIKTVOL LE TO
TPOYPOUUOTICHO GUGKELMOV OPOUOAOYNTMOV TOV GLVOIEOLV TIG PLGIKEG OVIOTNTES
(m.x. Edge-FoG-Cloud Nodes) , ot onoiot maparapufdavovv 1o peyodlvtepo Papog
YPNONG TOPWV Kol EMEEEPYACTIKNG 1GYVOG Y10, AEITOVPYiEg emKOV@ViaG amd Tig

ovokevég FoG.

210 emdpevo KepdAaio Bo avoivoovpe v PeAtictomoinom €vOg SKTLOV
Bropnyoviag 4.0 pe diataén loT-Edge-FoG pe 1o mpocopoimty iIFOgSim kavovtog
ypnon ¢ Aoywkng tov povtéhov  VirtualFog xor Timed PetriNets. H
EIKOVIKOTIOINOT TOV TOPWV £ival €yyeVig oo To 110 to povtédo tov CloudSim mov
Baciletor kow o mpooopoiwtng IFOGSIM kol evompotdvetol ©TO  EMIMESQ
napoKkolovOnong kot dayeipiong ToOpwv ™G apytekTovikng tov. Tapdiinia n
Aoywn g obvbeong tov epyaciadv twv PTPN mov extelobvtol otoug mépovg
vroAoyloTIKNG opiyAng ota FOG Nodes pumopei va sicaybei evkora oto iFOgSImM pe
MV KOTAAANAT TPOCOPUOYH TOV TWOV KOoTovg (Cost values) kot tov tuple

avapesa oto, module oto mpoypappatiopud.
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3 MHNPOXOMOIQTHX IFOGSIM

3.1 ITEPIBAAAON ITPOXOMOIQTH, AEITOYPI'IEX KAI
AYNATOTHTEX

H apyitextovikny tov mepiBdiiovtoc vmoroyiotdv Fog oto iFogSim (Xy. 18) eivon

TOAMATADOV ETUTEOWMV.

Kd&be vopiotapevo emimedo eivar vmedBuvo Yoo CLYKEKPUEVEG epyOcieg Yo T

Stevkdlvvon g Asttovpyiac vynroTepwVY emmédmy. [

>x.18 Apyrtektovikn Fog Computing oto iFogSim
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A.

To katdtepo otpdpo (A) mephaupaver cvokevég loT mov eivar exeiveg mov
OAANAOETIOPOVY GTOV TTPOYUATIKO KOGHO KOl €ivat 1 TyN 1 TO omdOepa OESOUEVDV
(source and data sink).

Ot aeOnmipeg IoT Aettovpyovv o¢ Ty SES0UEVOV Y1 EPOPLOYES KO STOVELOVTOL
o€ OPOPETIKEG YEWYPAPIKEG TOTOOesieg, aviyvedoviag oto meplPdAlov Ko
EKTEUTOVTOG TOPOTNPOVLUEVES TILES OTO VATEPO CTPMUATO LECH TVAGYV (gateways)
Yo TEPpAUTEP® emMeEEPyOTial.

O1 gvepyomomtéc IoT Aertovpyodv 610 KAT® PEPOG TNG OPYLTEKTOVIKNG Kot ivat
vevBLVOL Yo TOV EAEYYO EVOG UNYOVIGHLOV 1) cvotpatog. Ot evepyomomtég cuvnBmg
oxedALoVTOL Yo VO OVTOTOKPIVOVTIOL GE EVIOAEG OO EQOPUOYEG TOL OVAOTEPOL
emumédov ot omoieg dtvovror Pdoet mANpoPopidV moL GLAAAUPAvVOVTOL OO TOVG
acOnmpec.

Kdabe ovokevn oto 10T givar gite mnyn gite o cuAAOYH dedopévav(Sink) Kot g ek
T00TOV pmopel va povieAomomBel and Evav arcOntipa 1 Evav evepyomomn.

Ot dnpovpyot g epappoyng iIFOgSIm £yovv mpocdiopicet 5 THmOVG TEYVOLOYIDOV
GLGKELMV £1GOO0V 01 OTTO101 KATAAEYOVTOL GTO LTPOLL A
AwoOnmipes, ' ESunvoug Avayvooteg, Kapepeg, Mikpo@ova kot XviléKTec.

KaBepio amd autég T mpOTLTES GLGKEVES EYEL OPIGUEVOL X OPUKTIPICTIKA
EKTOUTNG OEJOUEVMV, Y10, TOPAdELY LD, XPOVO dtoKomg 1) HéEyebog TV Tunpdtwv
dedopévav mov ekmépumovtat. (intermission size, size of data chunk)

Me awtd 10 Tpomo oto IFOgSIM Evac ooOntipog cuvoieTal e oplopéva
YOPOKTNPLOTIKG EKTOUTNG OEOOUEVAV, TO OO0 LTOPOVV VO TPOGAPUOGTOVV Y10l TV
TPOcopoimaon omolovdnmote £idovg cuokevng 10T exmounng dedopévmv, Tov
Kopaiveton and Eumveg Kapepes Kot TepBorioviikons aicOntipeg émc wearables kat

KvnTta ThAEQmVvaL.

KoaBdc 1o iIFOgSim dev duvotol vo Tpocopotdoet GUesa PLOIKE YEYOVOTA SIKTOOL
YOUNA0D emmédov, Ommg M Olayeipion TapeUPOAdV HETAED TLKVAOV GLGTOLIMV
ovokevwv [oT, o1 yprioteg mpémel va avdyovv avtd o {nTipota YounAol eTmédon e
YOPOKTNPIOTIKG DYNAOD €MEOOV OM®G KaBLGTEPNON N TEPLOPIGUEVO €0pOg LMdVNG

ovvdeong petalh TV CLOKELOV Kol TV avticTorydv moAwv l0T. H die&odkn
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ONUoLPYio SLAPOPETIKDOV TPOPIA TOPOUUETPOTOINONG UTOPEL VO ETITPEYEL GTOV YPTOTN
VoL MOV PYNOGEL £VOL PEOMOTIKO LOVTEAD PLGIKNG GLUTEPLPOPAS OLGVPLLOTOV EMTESOV
10 omoio pmopei va poptwbel kdbe popd oto IFOGSIM kot va ypnoomombei yuo

JLPOPETIKEG TEPITTMOCELG.

B.

To otpopa (B) mepthappdvel ovokevég FOG dnladn omolodnmote otoryeio 6t0

dikTvo OV pIopEl v PIAOEEVIOEL AEITOVPYIKEG LOVADES EQPUPLOYDV.

Yvokevéc FOG mov cuvdéovv aioOntipeg 610 diktvo ovopdloviot yevikd moreg. Ot
ovokevég FOG mepilapfdvovv eniong nopovg Cloud mov mapéyovrar katd amaitnon

Ao YE@YPOUPIKE KATOVEUNLEVO KEVTPA OEOOUEVOV.

Ol GLGKEVEG TOKTOTOOVVTIOL GE W0 LEPOPYLKT] TOTOAOYIOL HE QuEoN emKOwmVio
duvart) povo peta&d evog Cevyapov yovéa-mardiov oty tepapyio. Mo povada
ePapLoYNg mov Asttovpyet og o cuokevn FOG elvar vtevBovn yia eneEepyacio OAwV

TOV 0EOOUEVOV TTOV TOPAYOVTOL AtO GTOLXEID KATM OO T1 GUCKEVT] GTNV LEPAP)iL.

To iFogSim Paciletor otov oproud tov Fog Computing mov tov mopovotdlel g
VoSO HE TOPOUOLN YOPUKTNPLETIKA pe TO cloud pe povn S10popd OTL 01 VTOAOYIGTES
givon Torofetnuévor kovtd oty akpn tov diktvov(near EDGE,I0T). Aev vrootpilet
™mv emkowvovio petaé&d cvokevdv (device to device) kabng TpobmobéTel pia tepapyiky
opybvoon cvokevmv opiyAng. H tomoBétnon g epappoyng mpaypoatomoteiton pe
katevBvvon Ildveo mpog Kdtm ko dev etvar dvvatn (mpog 10 mapdv) 1 eKeOpT®ON
modules og GAAN cvokevn oto 110 enimedo epapyiag. Qg ek ToVTOV, GEVAPLO OTMOG
smartphone to smartphone ivat advvota Tpog 10 TopmV OAAG pHeEAlovTikd Oo vidpEet
Kot TPOPAEYN Yot 0AAOYT) AVTAG TNG TEPLOPLOTIKNG LEPUPYIKNG DOUNG GTNV EMKOVOVIHL

HeTa&l TV GLOKEVAOV.
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Or poég dedopévav IoT, o1 omoiec eivan axorovdiec Tipnmv (avapépovtarl wg tuple
oto iFogSim),oynuatifovv to eninedo (C) oty apyitektovikn. AvTég o1 poég Umropodv
Vo EKTEUTOVTOL oo oeOnmpeg (otnv mEPImT®ON aLT TEPLEYOLV OVETEEEPYAOTA
dedopéva) 1 uropovv vo, petadofovv amd Eva module epappoyne oe dAlo 1 akoun Kot

a6 povadoe (module) tng epapproyng oe evepyomomTec.

Ot poég dedopévav dnpovpyodviar emiong amd ocvokevéc FOG, pe ) popoen
AEMTOUEPELDV YPNONG TOPWV, 01 0Toieg VIToPdrAovTol o€ emeEepyacio amd 10 enimedo
napokorovdnong (D) yo v amdkInon TANPoPopLOY GYETIKA LE TNV KATAGTAOT TOV

OVOKEVMV.

D.

Y10 eminedo mapaxorovOnong (D) yivetar emomteion g ypnong mOpwv, ™G
KOTAVAA®ONG eVEPYELNG KOL TNG OobecuOTNTOG aoONTNPOV, EVEPYOTOMTAOV Kot

ovokevov FOG.

Ta otoyela mapokolovONoNG TOPEYOLV OLTEG TG TANPOQOpiec ©TO0 emimedo
dwxeiprong mopowv (E) ko pmopovv va Tig mapéyovv oe GALEG VINPEGIES WG amatteitat.
INa Adyovg amiodmtog tov 1FogSim, oyetikd mepimioka otoyyeio emumédov
napakorovdnong Ommg M mwpdPAeyn amddoong kot M Pdon yvooewv dev €xouvv
ocoumeptineBel akoUn. AVTd To GTOYELN LITOPOVV, OGTOCO, VO TPOKVYOLV ELUEGH OO
EYYPOPES IOV TPOKVTTOVY OO EMEEEPYATIN CTUTIGTIKAOV GTOLXEI®MV XPNONG TOP®V KOl

unvopato dtabectudtntog mov ekmépmovtal omd OAeg TIg cuokevég FOG avtiototya.

H dwyeipion wépov (E) eivar to PacikdTtepo GVOTOTIKO TNG OPYLTEKTOVIKNG TOV
iIFogSim. Amoteleiton amd otoryeion mov dtoyelpilovial GUVEKTIKG TOVG TOPOVS TOV

emmédov ovokevdv FOG pe tétolo 1pdmo MGTE Vo IKAVOTOOUVTAL Ol TEPLOPIGHOL
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a&lomotiog vanpectdv QOS o€ eminedo EQPUPUOYNG KO VO, EAAYIGTOTOLEITAL 1] CTATAAN

TOVG,.

Ta 2 empuépovg otoryeio avTod TOL eMmESOL glvar :
o) Awbeopotta [opwv kot ToroBEon operator
b) Apoporoyntnig (Scheduler)

‘Exovpe v mapakolovOnon g koatdotacne towv owbéoiuwv FOG  assets
(TAnpoopieg mapEyovtal amd TV LANPESiA TapPAKOAOHONONC) Yo TOV TPOGdIoPIoUd
TOV KAADTEP®V LIOYNPIOV GVCKELAOV Y10, TN PLAOEEVIDL LI0G LOVASOG EPOPUOYNG Kot

Vv Katavoun tov tépmv oto. modules tng cuokevnc.

Av10 T0 emimedo Aettovpyel pe PAoM TIG AMALTNGELS TOLOTNTOS TOV VINPECIDOV TOV

0¢tel to eminedo epappoyng F.

H moAitikn dwaxeipiong moépwv pmopel va eival apkeTd TEPITAOKT DGTE VO EMTPETEL
TN UETEYKATACTOGT) GTOLYEIMV KOl SUVALKES OALOYEG GTIV KOTAVOLT TOPOV GLGKELOV

oe otoyeia FOG.

Emumiéov, 1 epappoyn tov emumédov drayeipiong mopwv umopet va draveundel (e kdbe
ovokevn vo dtayepiletor Toug d1KoHg TG TOPOVG YWPIC TaYKOGHLIO YvdoN) 1 Vo
oLyKevIpoOveTal (e OAEG Ol CLOKEVEG MOV GTEAVOLV TANPOPOPieg TOpOL oE Evav
KEVIPIKO Olayeplotn mopmv) N éva vPpido kot twv dvo. H tpéyovca ékdoon tov
IFOgSim, ®otd6c0, TapEYEL 0. GTATIKN TOALTIKY TOTOOETNONG EQOPUOYDV - UE TIG
AELTOVPYIKEG LOVADEG VO KOTAVELOVTOL OTATIKG 68 cuokevég FOG.

Avm n moMtikn propetl va avtikataotodel amd dSuvapkés ToMTIKES TOV Hropovv va
uet’gykotaotinoovy povadec (modules) oe dldeg ovokevég FOG pe Paon kpiripila

O MG 1M EVEPYELONKT] KATAVAA®ON Kol KaBvoTépnon.

Movtéla epappoyns (Tpoypoppaticpoc). Ot epapproyEg mov avartdyOnkoy yio
ektehovvTon otig ovokevég FOG Baciloviot ota dedopéva KatavepuUEVNG pong

(distributed data flow, DDF model)
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Mia epapuoyn povielomoteitan wg cvAloyn evotitov(modules) , ot omoieg
amoteAoVV ta ototyeio enelepyociog dedopévav. Ta dedouéva e£000V Lo LOVASHS |
(module) pmopei va givar dedopéva £16060V og pia GAAN povada j. 'Etot
dnpovpyeitan aAANAeEGpTNOT dESOUEVOV i)

AvT6 T0 HOVTEAO EQOPLOYNG EMTPETEL TV TAPACTACT] EQUPNOYNS GE HOPON
KaTELOUVOPEVOL YPUPNRATOG.

Y10 ypaenua ovtd ot Kopueég eivorl o, modules tov epappoymdv Kot ot

KOTEVOVVOUEVEG OKUES OVOTOPIOTOOV TNV PON TV OESOUEVAOV AVALESH GTIG LOVAOEG

OVTEG,

G.

AvO amd TOVg KOPLOVS HOYAOVG dONUOVPYING TG VITOAOYIGTIKNG OpiYANG vanp&av 1
avAayKn OVTOTOKPIONG GE TPAYLOTIKO XPOVO Kot TAVTOYPOVa 1 ovayKn ovénuévng

emektacindtTTag He Tov moAlomiactacud tov loT.

O gpappoyég IoT teivouv va €govv aicOnmpeg o¢ Tnyés dedopuévav, ot omoiot
Bpiokoviat cuyva o popen mAelddwv. H mpotevopevn apyttektovikny iFogSim

vrootpilet dVvo povtéda mov ypnoyLorotovvtot Yo epappoyés loT.

1. Movtélo Sense-Process-Actuate

O TAnpopopieg mov GLAAEYOVTOL Atd TOVG oeONTPES LeTadidoVTAL O POEG
dedoUEVMV, 01 OTTOLES TPOPOOOTOVVTUL Yl ENEEEPYNTin GE EPAPUOYES TOV
EKTEAOVVTOL GE GLOKELEG OUiYANG. Ot evTOoAEg OV TPpOoKVTTTOVY amd TNV enelepyaaia,

OTOGTEALOVTOL GE EVEPYOTONTEC.

2. Movtého ene€epyaciac ponc.

To povtého emeEepyaciog pong S1abétel Eva HIKTLO AEITOVPYIKAOV LOVAS®V TOL
EKTEAOVVTOL GE GLOKELEG OUIYANG Tov eme€epydleTol cuVEXDS PoES OESOUEVMOV TTOV
exkméumovtot and asntnpes. Ot mAnpopopieg mov €& opLGGOVTOL OO TIG
E10EPYOUEVES POEC amoBnkevovTal o€ kKEvTpa dedouévov (data centers) yia peyding
KMpokog ko pokporpofesun avaivon.
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2XEAIAXMOX - EPAPMOI'H

Mo v epapproyn Aettovpyldv e apyttektovikng iFogSim, ypnoomolovvraol

Aertovpyieg Tpocopoinong Pacikdv cupPaviov tov vapyovy oto CloudSim.

Ot ovtotteg oto CloudSim, 0nwg To KEVTIPA 0EGOUEVAOV, ETKOWVMOVODV HETAED TOVG
pe Aettovpyiec petdooons unvopdtov (amootodr] cvuPdviov). Q¢ €k ToLToL, TO
Baokd eminedo Aettovpyiog Tov CloudSim givar vrehBvvo Yo Tov yePIGUS GVUPavVTOV
neta&d TV vroloyloTikdv otoryeinv Fog oto iFogSim. Ot kdpieg taéeig tov iFogSim

answoviCovtar ota oynuota 19 ko 20.

>x.19 Ospehmdeig KAdoeig oto iFOgSim

>x.20 iFogSim K\doeig Dvcikng Toroloyiog
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H vlomoinon tov iFogSim oamoteleitol amd TPOGOUOIOUEVEG OVTOTNTES KO
vanpeciec. Ta otoryela TNG OPYLITEKTOVIKNG HOVIEAOTOOVVTAL MG KAAGES Java 6To
IFogSim. Xt ocvvéyelo Oa meprypagei n Aettovpyio Kot 1 GAANAETISPOCT) QVTOV TOV

KAQGEDV.

Ocuclimoes Kidoeis aro 1IFOgSim

e FogDevice (ocvokevn Fog)

Avt 1 KAGon kabopilel Ta yopakTnproTikd vikod (hardware characteristics) towv
GLGKELMV OUIYANG KO TIG CLVOESELS TOVG e GAAeg cvokevég FOG, aobntipeg ko
evepyomomtés. 'Exovtag viomombet pe enéktaon and v kKAdon PowerDatacenter 6to
CloudSim, ta kbpia yapakpiotikd tov FogDevice sivat dtabeoypétnto o€ : pvijun,
enelepyacti), péyedog yopov amodnkevong, evpovg {@vng uplink ko downlink .
O1 péBodot oe avtiv v KAdom kabopilovv tov TpOTO SPOLOAGYNONG Kt ¥pNoNG TMV
nopwv piag cvokevng FOG amd Tig Ae1tovpyikéc Hovadeg EPUPUOYDY TOV EKTEAOVVTOL
0€ OVTN TN GLOKELY KOl TAOC AVOTTOVGOOVTOL Kot amevepyomotovvtor modules avtrg.
[Mopdakapyn avtdv TV HeBOd®V EMTPENEL GTOVS TPOYPALUATIOTES VAL TPOGHEGOVY

TPOCUPLOCUEVES TOALTIKES Y10l TIG TOPATAV® AELTOVPYIES.

e Sensor (aoOnpag)

Ot KAdoelg sensor stvor ovtdtnteg mov Asttovpyovv dmmg ot aichntipec loT mov
TeEPLYPAPOVTAL GTNV apyLTEKTOVIKY). H KAhdon mepiéyetl Tipég mov avTimposmrevovy o
TEYVIKA YOPOKTNPIGTIKA EVOG aloON TP, TOL KLHOIVOVTOL Ot Tr GLVOEGILOTNTA TOV
g T yopokmnplotikd €£0dov. H khdon mepiéyet o Tiun og opoKTnpPLoTIKO
avaQopdc oTN GUGKELN OMiYANG MOMIG ME TNV omoio &lval ovLVOEdEUEVOS O

acOnTpog Kot TNV KaBvotépnon cvvoeons petald Tove.

To mo onuoavtkd, kaBopilel Ta YopaKTNPIGTIKA 5000V TOV KLGONTHPA Kot TNV
Katavoun g puetddoong tuple, n omoia mpocsdiopilet to puOud deiEng tuple otnv woAN.
Opilovtag T1g KATAANAESG TYLES QVTAOV TOV XOPUKTNPICTIKAOV, CLGKEVEG OTMG EEVTTVEC

KAUEPES LITOPOVV VAL TPOGOUOI®OOHV.
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e Actuator (evepyomountic)

Avt 1 KAAOM aVTITPOoOTEVEL EVaV EvEPYOTo T KaBopilovTog TO amoTEAEGILA TNG
EVEPYOTTOINGNC KO TIG 1010TNTEG GVVIES G dtkTOOL. H KAdom opilet o péBodo yia tnv
EKTELEOT] P0G EVEPYELOS KOTA TNV P& og Thewdadog (tuple) amd pa Asttovpykn
povada  eQOpUOYNG, T omoio umopel va  mopokap@Oel yuoo TV €QOpUOYN
TpocaprocuEVeV epé evepyoroinong. ‘Eva attribute otnv kAdon avagépetal otny moAn
otV omoia vl GUVOESEUEVOG O EVEPYOTTOMTAG KOt TOV AavOdvov ypdvo avtig g

ovVdEDNC.

e Tuple (miedda 1 akorovBio TANPOPOPIOV)

H Tuple amoteiel 1t Ogpeh®@on povado emkovoviag LETOED OVIOTHTOV GTNV
VTOAOYIGTIKY] OUiyAn kot mpaypoatomolel To emimedo porg oegdopévev oty
apyrtektovikn. EpgaviCetar og ovtdétra tééng tuple oto iFogSim, to omoio
KAnpovopeitar amd v khdon Cloudlet tov CloudSim. M mAelddo TANpopopLOV
yapaktnpilerorl and tov TOmo TG Ko T1g evotnreg (modules) epapuoydv tpoéhevong
Kot mpoopiopov. To yoapaktnpiotikd g kAdong kabopilovv Tig amoitnoelg oe
eneEepyooia ekppaouéva oe MI (Million Instructions) kot to unqkog g TANPoPOpiog

TOL EUTEPIEXETOL TNV akoAoLBiaL.

e Application (epappoyn)
O oyedlacuog epappoydv oto iFogSim axoiovbei to povrého DDF, 610 omoio o

EPAPLLOYT OLOLOPPDOVETOL WG KATELOVVOPEVO Ypap 0.

Ov  xopuvpéc tov  KategvBuvopevov  akvKMKoL  ypaeipoatog (DAG)
AVTITPOCSHOTEVOLY LOVAIES TOL EKTEAOVV EMeEePYaTiao G ElGEPYOUEVA dEGOUEVO KO O1

akpég vrodnAmvouy e&apthoelg dedopuévov peta&d evotntmv (modules).
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AVTEG 01 OVTOTNTEG TTPOLYLLOTOTOIOVVTOL YPNCILOTOLDVTAS TIG aKOAOVOEC KT YOopiEs.

1. AppModule

Ot eppavicelg ¢ KAdong AppModule avtimpocwmevovy  ctoyeio
enelepyaciag EQApPLOY®Y VTOAOYIGTIKNG OUIYANG KOl DAOTO00V TIC KOPLPES
tov DAG oto povtédlo DDF.

O AppModule onpovpyeiton enekteivovtag v kAdon PowerVm oto
CloudSim T kd60e eoepyduevo tuple, po mapovsio. AppModule to
enelepydleton kot Oonuovpyel mAEGOEC €000V TOVL OAMOGTEALOVTOL OF
enopeveg evotnteg 6to DAG.

O oaplBudc mreddwv €£660v ava TAEWda  €16600V  amopocileTal
YPNOLOTOUDVTOG EVOL LOVTELO EMAEKTIKOTNTOG , TO 0Toio pumopel va Pacileton

0€ KAMUGULOTIKT EMAEKTIKOTNTA 1] £V EKPNKTIKO LOVTENO.

2. AppEdge

Mia tapovoio AppEdge vroonimvel v e£4pTnom 0e00UEVOV HETAED EVOC
Cevyoug AE1TOVPYIKOV LOVAO®V Kol OVTITPOCMOTEVEL £VaL KATELOVVOLUEVO GKpO
oto povtéro epappoyng DDF. Kdabe dxpn yopoxtmpiletor and tov TOTO NG
TAEO0G TOV UETOPEPEL, O OTMO10G GLALAUPAVETOL OO TO YOPAKTNPIOTIKO
tupleType ¢ kAdong AppEdge poli pe tig amoimoelg eneepyaciog kot to
UNKOG T®V OEGOUEVAOV TTOV LETAPEPOLY OC TANPOPOPia aVTEG 01 TAELAdES. To
1FogSim vroompilel 600 THTOVG EPAPUOYDV AKPOV - TEPLOOIKA Kol PAoEL
ovupavrov.

Ot akolovbieg mAnpogopiac oe éva AppEdge e spoppoyég meplodikdv
oLUPAVTOV EKTEUTOVTOL GE TOKTE YPOVIKE O1GTNHLOTOL.

Mo TAerdda o€ Eva AKpo e EQapPROYES BAcEL CLUPAVTOV
E=(u,v) amoctéAletor 6tav m povada wnyng U AouPaver éva tuple kot to

LOVTEAO EMAEKTIKOTITOS TOV U EMLTPENEL TV EKTOUTT TAELAS®V €.
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3. AppLoop

To AppLoop &ivot pio emimhéov KAAGN, TOL YPNGILOTOLEITOL Y0 TOV
KaBopiopd Tov Bpoymv eAEYYOV-O10OIKAGIOG TTOV EVOLAPEPOLY TOV YPNOTY.
210 iFogSim,o mpoypappotiotc pmopet va kabopicetl toug Bpdyovg eELEYyOL
Y T HéETpnon g Kabvotépnong and dkpo oe akpo. Mia eyypoon
AppLoop givatl ovclootikd pia Aota tov modules mov Egkvodv amd v

TPOoELELGT TOL BPOYOV EmG TN LOVADN OTTOV TEAEIMVEL O BpOYOG.

‘Eva. dudypappo pong mov delyvel v eKmoumn mAEWO®V Kol TNV €TakOA0VON
extédeon gaivetal oto Zynuo 21. Mo akoAovbio dedopévov dnuovpyeitar amd éva

a1oON TN PO KO ATOGTEAAETOL GTNV TOAT LE TNV 0moia £ivait cLVOESEUEVOG 0 aucOnTPOC.

H ovvapmon callback ywo 10 yepopd pog  soepyduevng  tuple
processTupleArrival() kaAeiton potig n mheddo @TaoEL 6T GLOKEVT OpiYANG (TOAN).
Ye mepintwon mwov 1o tuple mpémer va dpoporoyndel oe GAAN cvokevy Fog, avtod
amooTtéAAETOL apécmg yopic eneepyacio. Alapopetikd, dv tomobetnOel n povada
EPAPLLOYNG OTNV OTOl TPEMEL VO EKTEAECTEL 1) TAELAOO GTN GLOKELT] ANYNG OUIYANG M

TAELGO0 VTTOPAALETOL AUEGO Y10 EKTEAECT).

H ovvéaptnon checkCloudletCompletion () koleitor oty cuokevn opuiyAng HeTd T

OAOKAN PO TNG EKTEAEOTG TNG TAELHOOC.
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Sensor

transmit()

sSona(tupie )

FogDevice

Apghication

— process TupleAsrival()

send(tuplia)

{OR)

FogDevice

r process TupleArmval()

exacuteTuple() execute Tuple()
checkFinshedCloudiets()

getResultant Tuples{)

send(luple)

¥x.21 Adypoppo Pong Inyng ko Ene&epyaoiog Tuple oto iFogSim

Extoég amd 11c Poacikég Asrtovpyleg emefepyaciog tuple, o1 TPOGOUOIOUEVEG

vnpecieg mov datifevion oto iIFogSim eivan o1 e&ng:

e Monitoring Service (vnpeoia TapakoAovOnoNC)

2mv tpéyovca €kdoor tov iFogSim, kdbe cuokevn mapakorovbel Kot dratnpet Ta

TPEYOVTIA GTATIGTIKA GTOLYELD YPTIONS TOP®V.

H pnébodoc executeTuple () oty khdon FogDevice mepiéyet ™ Aoyikn enelepyaciog
TAEWAOMV OTTOVL 1| GLOKEVT] EVIUEPDVEL GLVEXDS Yo TOVS dtabécipong TOPoLvg TNG.
AvTd TO OTATIGTIKG oTOLY(El0 pTOPOovY EMiong va evOvAaKk®mOBoOV og po TAerdoa
KOl Vo 6TOAOVV 6TO ETTINEDO dayeipiong moOpmv Yo TpEEo oyeTIKG pe ™ yprion

TOMTIKAOV OLOYEIPLONS TOP V.

Téroeg mAnpoopieg pumopel vo eivar ypNoLeg oTov YPNOTN Yo TN UEAETN NG
amdO0oNG TS EPAPUOYNG OTNV VTOOOUT LITOAOYIGTIKNG OMIYANG KOl UTOPOLV VO
AIeBodv wg apyeia Kataypaens yio avadAvon ektdg GHVIEST|S.

Qot0060, N TPEYOVSE £KOOGT TOL TPOGONOIMTH OEV ERPAVICEL TIS TINEG

OKATEPYASTIGS YPNONS GTOV YPNOTN. AVTEG OL TIEG XPNIONG TOP®V EIGAYOVTAL GE £Vl
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OYETIKO LOVTELOD 10%DOGC Y10l TOV VITOAOYIGUO TNG KATAVAAMONG 1Y 00G TG CLGKELNG, M
omoio avapépeTan 610 TEAOC TG Tpocouoimonc. Kdbe cvokeun opiying (FogDevice)
oyetiCetar pe éva povtédo oyvog (mx. PowerModelLinear), to omoio ektiud v

KatavdAwon evépyelog o€ pia dedopévn ypnon g CPU.

e Resource Management Service

(vnpeoia dwyeipiong TOpwV)

To iFogSim dwabétet dvo emimeda Stayeipiong mOP®V Yo EQAPUOYES

tomoBétnon modules kol APOYPOUPRATIGHOS — Ol OO0l OTOUOVAOVOVTIOL ®G
EEXOPLOTEG TOMTIKEG Yol T SLELKOAVVOT TNG EMEKTAOTG KOl TNG TPOGOPLOYNG TOV

JIKTVOV VITOAOYIGTIKNG OLLYANC.
1. Application placement (aitnong tomobétong epapuoyng)

H moltikn tomofémong kabopilel Tov TpOmo TOT0OETNONG TOV AEITOVPYIKDV
povadmv oe OAec TG ovokevég Fog pe vmoPoin aitmong. H dwdikacio
tomofétnong puropel va kabodrnyeitat amd oTdYOVG OTMG 1| ELAYIGTONOINGT) TOV
AavBdvovtog xpovov amd dKpo oe dKpo, yPNoN OKTLOV, AELTOVPYIKO KOGTOG N
katavalmon evépyewag. H khdon ModulePlacement eivar n apnpnuévn
TOALTIKT] TOTOBETNONG MOV TPEMEL VA ENEKTOOEL Y100 TNV EVOOUATOOT] VEOV

TOATIKOV.

2. Application scheduling (tpoypoppaticpog epapuoymv)

O mpoypoppotiopds xpnong mopov ¢ host cvokevrg opiylng o€
Aertovpykég povadeg amotedel 1o devTEpO eminedo ¢ dwuyeiptong ndépwv. O
TPOETIAEYUEVOG TTPOYPUUUATIOTNG TOPMV KaTavEUEL €00V TOVG TOPOLG LIOG
GUOKEVNG HETOEL OA®V T®V EVEPYMV €VOTNTOV gpapuoymv. H moltikn
TPOYPOUUOTIGHOD EPOPUOYDV UTOPEL VO, TPOCUPLOGTEL TOPAKAUTTOVTAG TN

pébodo updateAllocatedMips evtog g khdong FogDevice.
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Ity Teg Kowvég pe CloudSim

To iFogSim é&xet epappootel ¢ eméktaon tov CloudSim kot ©¢ ek TOLTOL

KAnpovopet po oepd omd onuavtikég duvarotreg tov CloudSim.

Tavtoypovn EKTELEGT TOLALATADV EQUPUOYDV

O iFogSim emitpémel v eKTéAECN TOALATADY EPAPUOYDOV GTNV VTOIOUN|
mv O otiyun. Kdébe epappoyn Oa mpéner va dnuovpynost Eexmpiotong
acOnmpec / evepyomomtéc Kol €vo. PLOVTEAO TOMOBETNOMNG.  AELTOLPYIKDV
povadwv 6T0 dIKTLO VTOAOYIGTIKNG OpiyAnc. O ypnotng umopel emiong vo
KOOIKOTOGEL SLOPOPETIKT) CUUTEPLPOPE Y10 SLOUPOPETIKES EPAPUOYES OTNV
TOMTIKT TOmOBETNONG, EMTPEMOVTIOG £TGL SLOKPITEG TOMTIKEG TOmOBETNONG

AELTOVPYIKAOV LOVAOMV Y10 GUYKEKPLLEVES EQUPLLOYEC.

MeTeyKOTAOTAON TOV EVOTHTOV EQUPROYDV

To iFogSim vmootpilel ™ HETEYKOTAGTOCT TOV AEITOLPYIKAOV HOVAI®V
a7td TN J0 GLGKELT] OPYANG oTNV GAAN, emeldn To AppModule givorl andag pia

enéktaon g KAdong VM tov CloudSim.

Ot ovokevEG OUIYANG TOV EUMAEKOVTOL OTH WETEYKATAOTOCT TPEMEL VO
EKTEAECTOVV  OYETIKN TNPNOM opyeiov 7y MV KOTOYpOOn  TNG

LETEYKATACTOONG KO TNV GUECT] KUKAOPOPIN GTN LOVADOW LETEYKATAGTOONG.

HolTikég drayeiprons TOP@V pe OVVATOTNTU GVVOESTS

Ot moMtikég dwayeipiong twv tdpwv oto iIFogSim pmopodv va epappoctodv
og pluggable evotnteg mov amoocvvodovtal amd TV Tpocsopoimon. Avtd

EMTPEMEL TOV EDKOAO ETAVOAAUPAVOLEVO TEWPAUATIGILO TOV 1010V GEVAPIOL [UE

TOALOTTAEG TOMTIKES OloyElplong TOP®V.
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Evoopotopiveg Toxtikég TorodéTnong modules

To iFogSim épyeton eykoteotnuévo pe 00 TEXVIKEG TOTOOETNONG AEITOLPYIKNG

Hovadag
A) tomobétnon uovo oe Cloud

B) tomobétnon kovia ota dxpa diktvov (Edge-Ward placement).

A) [Ipdkertan yro v KAaotkn tpocéyyion texvoroyiodv CLOUD katd v omoia
OAEG Ol AEITOLPYIKEC HOVAOEC MG EQUPUOYNG EKTEAOVVTIOL GE KEVTPO
dedopévmv. O Bpdyog Aettovpyiag Sense-process-actuate oe t€toteg eQopuroyEg
viomoteiton pe v dmapén oeOnTpwv mov petadioovy acOntpla dedopéva
oto CLOUD o6mov vrmoBdArovioan oe emefepyacio kot ol €vePYOmoINTég

EVNUEPOVOVTOL £V amorteitan dSpdor).

B) H otpamywr| tomoBétong Edge-Ward gvvoet v avantuén Aettovpyikmv
LOVAd®VY KOVTA otV GKpn Tov dikTuov. 61060, 01 GLCKEVEG Tov PpickovTton
KOVTA GTNV AKPT TOL SIKTVOL - OT®G 01 OPOUOAOYNTES Kot To onueio TpdSPacng
- evogyeTal vo unv eivor apkeTd woyvpd amd Amoyn YOPOKINPICTIKOV
VIOAOYIGTIKNG 1oyvo¢ (Memory,processing power,etc.) ywo vo grho&eviiocovy
O6AOVC TOVG XEWPLOTEG (Operators) e epapproyns. e pio T€Tolo. KataoToo, N
oTpATNYIKY emovalopPdavetoar o€ ovokeLEG opiyAng mpog to cloud pe
KkatevBuvon amd kAT Tpog To Thve Ko mpoomadel va tomobetnoEl Tovg

VTOAOUTOVG YEIPLOTEG GE EVOALAKTIKES GUGKEVEC.

Avti n otpatnykn torofétnong modules 1660 ota dkpa SKTVOL OGO Kot

OTIC VITOAOUTEG GVOKEVEG PAIVETOL GTO TAPAUKAT® aAyopLOpo (oy.22).

Xoapaxtnpotikd tov aAyopiBpov avtod elval mn aAiniemidopacn FOg xot
Cloud 610 owocvoTHO TOL VTOAOYIGTIKOD OtkTOOV. ['or Adyovg amioTnTog
etodyovtan 6pot North , South (Bopela kot voTia) ¢ avTioTotyio TPOAy®mYNS N

vrofifaong ovtictorya twv Nodes oto 10T-EDGE-FOG-CLOUD diktvo
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mpocopoimong pe xoatevbBvvon omd WAV TPog To KAT®. AAAOG €va
napaAniouds ivar awtog g pilag — (Cloud 1 proxy server) kat tov OAA®V
(Edge devices).

>x.22 Edge-Ward ALyopiBpog tomofétnong modules oto iFogSim
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Mapatypiesic Edge Ward Placement

O oiyopOuog tomobétmong Edge-Ward emavolopfaver 6Aeg tig dadpopés amd
@UALO o€ pilo otV TomoAOYio TOL PLGIKOD JIKTVOV Kot TomobetTel evotNTEg GE KAOE
tétotla oadpopn|. ['a kabe dradpopr|, o arydpiBuoc emavalappdveTor omd T0 VAL
(ovokevT| 670 VOTIO AKPO) - TVTTIKE cuokevr) EDGE- éw¢ ) pila (Bopetdtepn cuokevn)

- ovvBwg to CLOUD - kot otadiokd TomobeTel TIg EvOTNTES G€ OVTEC.

[No kdBe cvokevn o€ pia dadpour, TPocsdlopilovtal ol EVOTNTEG TOV UTOPOLY VO
tomofetBovv 6g avtd. Mia povada 8 pmopei va tonobetndei og pia cvokevn d povo
eqv Ohec ot GAAeg evotmreg mov Bo mpémer va tomofetnBovv ota voTi tov 6 (o1
TPOKATOYOL), £xovv NON TomofeTNBel 6TO 1010 PUALO amd T pila. MOAG Ot EVOTNTEC
nmov mpoketor va tomofetnfovyv, kobopiotovv, o alyoplBuoc mpoomabel vo TIg

tonofetnoel pia TPog pio 6T GLOKELT.

[Mapadeiypatog xapn, ywo povada 8 mov tomobeteiton otn cvokevn d. O adydpiOuoc
EAEYYEL TPOTA EQV LU0l TOPOLGTa TOV 6 givol oM Ttomobetuévn oto d (av eivor dniadn
uépog kamotag dAANG ddpoung omd eVuAro oe pila). Eav var, avtég ot mapovcieg
oLYYOVELOVTOL KOl ToTofeTOVVTOL 6TO d, 0V UTOpEl VoL PIAOEEVIGEL TIC GLYYWOVEVIEVES
TAPOLGIES. AlpopeTikd, 0 oAyopBuog avalntd cvokevég Popele tov d yu va
tonofetoel T cvyyovevuévn mopovcic. Qotdco, £dv ovte M cvokevn d ovte
onmowadNTote cvuokevn Popeta Tov d £xel mapovoia 6 N povada (module) tomobeteitan
oto d. X¢ mepintwon nmov &iye omowdnmote cuokevn Popeta tov d o mepinTmwon O,
avt) Ba Sapopewdel amd ta mpoda Pripata Tov aAyopluov oE o HEAAOVTIKY

ekTéAEST TOL PpOYOV TTOL EmavOAapUPhveTaL.

Enedn to iFogSim vmoBéter 6t o povade m tomoBetnuévn ot cvokevn d Oa
YEPLOTEL OAEC TIC E10EPYOUEVES TAELADEG OO GLOKEVEG VOTIOL TOL d otV 1EPap)ia,
TOAMOTAEG EQQOVICELS LOG EVOTNTOG GLYY®VEDOVTOL Kol Tortofetovvtal Bopeta amd
OLTNV KATA VTN TN oTpatnyikn totofétnong. [apadeiypotog xbpn yio cvokevég dp
kot de 6mov 10 dp elvar 0 yovéag Tov dc otV TomoAoYia Kat o1 600 rAo&evolv TtV 1010
evotTTa M. e [ 11010 TEPINTTWGT), OTOLOONTOTE EIGEPYOUEVT] KIVNOT Y10 TNV EVOTNTA

m o710 dc Oa vroPAndei oe emeepyacio exel kot dev o oTarel fopeta.
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I'pa@uo tepifpdrrov demaic yp1not

INa va dtevkoAvvOel N meptypagn TG TOTMOAOYIOG TOL PLOIKOV OIKTOOV, EXEL
dnuovpyndei éva Ipoaeikd nepiPariov diemapnc ypriot (Graphical User Interface)
ndveo ond ™ Aoywkn g gpappoyns iFogSim. To GUI emutpénel ot0 ypnot va
oxed146El PUOIKA GTOLXEID OTMMOC GUGKEVES OUUYANG, OLCONTAPES, EVEPYOTOMTEG Kot
ovvdéopovg ovvoeons. IIdve oe OAOVG TIG EMUEPOVE AVTEC OVIOTNTES TOV SIKTVOV O
YPNOTNG Umopel va opicel dpeca OAa To GUOIKAE PeYEDN — yapaknploTikd Tovg. Ot
oxedlOpeves Tomoroyieg Pmropovv va amofnkevTovy Kot va poptmbodv and povéda

amofrKevong dueoa kot givar oe popen apyeiov JSON.

Ot puoikég Tomohoyieg pumopodv vo dnuovpynbovv uécw GUI (FogGui.java) kot
péom mpoypappatiopod APL g Java. To Zynua 23 delyver éva detypa QUOIKNG
TomoAoYiog, Tov mephapuPdvetl évav aentipa, po TOAN, o swovikn pnyovn cloud
kot 11§ ovvoéoels. H avarapdotacn JSON avtig g eUGIKNAG TOTOA0YING GOIVETOL GTO

ZyMuoa 24.

>y.23 iFogSim GUI
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2x.24  Apyeio JSON tomoroyiag dtktvov

INPOXEITIXH I'TA THN IPOXOMOIQXH ITEPIBAAAONTON IoT KAI

TON EAEI'XO TEXNIKQN ATAXEIPIZHXE ITOPQN

Ta yevikd 3 Pruota mov mpémer va axolovOnBovv yoo v extéleon po

npocopoimong 10T-Edge-FoG oto iFOgSIm kot yio tov édeyyo texvikdv dtoyeipiong

nopwv elvar ta €ENG :

1)

Noa onpovpynBodv puoikég ovidtnTeg Kot va Kafoptotohy 01 OuVaTOTNTES Kot
01 OLPOPPAGELS TOVS. AVTA TTepAapfPdvouy aioOntipec, THAEG Kol EIKOVIKES
punyovég cloud, KaBdG kol TOLG CLVOEGUOVS OV TEPLYPAPOVY TOV TPOTO
oLVOEONC AVTAOV TV ovtoTNT®V. Ommg avaeépdnke mponyovpévmsg, avtd
emruyydverar gite ypnowonowwvtag to GUI elte péow mpoypappotiopon

YPNOUOTOIDVTOGS TIC TpoavapepBeiceg kKhdoelg iIFogSim.

INo va tpocopolmbel 1o Loviélo Tov pOpTOL £pYaciog 6To SIKTVO Hog TPETEL
TpOTOL Vo optotobv ot pvBuoi petddoong Tuple tev  acOntipov
ypnowonowwvtag to transmitDistribution (éva yopoxtnplotikd oty Java

KAGon Sensor)
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2) No yivel t0 poviélo TV epopuoy®v mov Bo ekTeEAOVVTOL ©TO OIKTLO
VTOAOYIOTIKNG  OmiyAng. Omwg eénynbnke vopitepa, o epoppoyn
dwapopedvetar wg DAG kot katackevdletar péocm 3 khdoewv AppModule,

AppEdge ka1 AppLoop

3) Téhog, mpémer vo  kabopicovpe mTOMTIKEG —TOmMOOETNONG Kol
TPOYPUPRUTICROD TTOV YOPTOYPOUPOVV TIC EVOTNTES EPAPLOYDV GE GUOKEVEG
OLUYANG.

Ot moMtikég evoéyetoar va  Aapfdavovv vrdyn  €Opog Kprtnpiov,
ocvumepthappavopuévng g Kabvotépnong enelepyasiog amd Akpo o€ Akpo, Tng
amOd00NG, TOL KOGTOVG, TNG KATAVAAWMGNG EVEPYELNG KO EOIKOVE TEPLOPIOUOVG
emt pépovg ovokevmv. Ot kAdoeic ModulePlacement kot Controller eivor owtég

omov Ppioketar n Aoyikn Tomofétnong mov epappoleTat.

¥y.25 Apyrrextovikn Yomoinong Fog Computing oto iFogSim
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3.2 ENAITEAMATIKEX EOPAPMOI'EX ME BAXH TON IFOGSIM

O mpocopotwtc iIFOgSIm yel ekteTapévn xpnon 6€ EPAPUOYES BEVTIPIKNG d1ATaENG
loT-Fog Computing. Iopovoidlel extetapuévn vroompién o€ HeTAPUALOUEVEG GE
péyebog amd Gkpo o€ AKpo Tomoroyieg kabmg kol TANOMpo emloydv TomobéTnong
modules kot TpoyPaUUOTIGHOD aVTOV HE BACT SLAPOPO TEYVIKA YOPAKTNPLOTIKA OTMG

anoKplon , €vEPYELX 1] KOGTOC.

1) Eoappoyég Intelligent Surveillance through Distributed Camera

Networks

To katavepunuévo GVGTNLA TOPAKOAOVONGCNG e KAPEPES EYEL EKTETAUEVT] EPAPLOYN
T TEAevTaio xpovia, oe VP PAGLO OPAGTNPLOTHTOV OTTWS 1 ONUOGLO OCPAAELL KOL T
ACQAAELL OTNV KOTOOKELY, OTN UETAPOPE Kot 6To Touén vyeiag. dG €K TOVTOUL,
ypewlopoote epyoieion TOV AVAADOLY OVTOUATO OEJOUEVO TTOV TPOEPYOVTOL OO
Kpepeg kot GuVoyiovy To ATOTEAEGHATO LLE TPOTO TTOL EIVOL EMOPEANG Y10l TOV TEMKO

yprot. Kopuo yapoktnpiotikd evog tétoov 10T-Fog dwctdov siva:

A) Emikowvavio youniinc kaBvotépnong (low latency)

"o omoteleopatikg KAALYN avTikelwévmv, ypetalovtal ot tapauetpot Pan-Tilt-Zoom
(PTZ) moAomA®V KOUEPDV Y10. GUVTOVIGHO GE TPAYUOTIKO ¥pdvo pe Bdorn v eiKova

nov tpafnynke.H dwoyxeipion mpémetl va elvan o€ Tparypatikod ypovo.

B) Awoycipion ueyaiov éyxov dedouévav.

Ot Bivreokdipepeg oTEAVOLY GLVEXDG KaTayeypappéva kapé Pivteo yia eneEepyacia,

yeyovog mov mpokoAel tepdotior KukAopopia. Eivor amapaitnto va emeEepyaleton
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TEPAOTIOE OYKOG O0e00UEVOV OTIS ovokevéc FOG ywpic va @tdvel 10 diktvo o€

KOTAGTOOT) GLUPOPTONG.

I') Bopia emelepyooia oe fabog ypovov

H otpomywn eléyyov kauepag mTPEMEL VO, EVIUEPMDVETAL GLVEXADS £TGL MOOTE V.
pobaiver ™ Pértiom ocdpwon PTZ. Avtd amoutel aviilvorn TV omo@dcem®v TOv
Aoppévovtan amd T GTPUTNYIKN EAEYXOV Y10 LEYEAO YPOVIKO SIAGTN LA, TO OO0 KAVEL

oTAV TV 0vEAVGT) VITOAOYIGTIKG evTaTiKh pakporpdOecpa.l’]
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Movtého s@appoyng oo iFogSim

Onwg anekovileton oto Zymua 26, n epapuoyn Intelligent Surveillance amoteleiton
amd 5 Kopleg evoTNTEG TOL EKTEAOVV emelepyacio - Aviyvevtng kivnong, Aviyveutng

avtikepévov, Mapakorovdnon avtikeévov, Eheyyog PTZ kot Atemoen xpniotn.

H epappoyn mopakorovbnong tpoeodoteiton amd Cwviovég poéc Pivteo amd

ouapopeg kapepeg CCTV ko o édeyyog PTZ o kdbe kapepa mpocapudlel cuveyxmg Tig
nopapétpoug PTZ.

MOTION_VIDEO_STREAM

RAW_VIDEO_STREAM

Motion
Detector

OBJECT_LOCATION

PTZ_PARAMS
<<peniodic 10ms>>

Object
Tracker

Yy.26 Movtého epappoyng Intelligent Surveillance

IMwv.2 Mopoeég Tuple iFogSim Intelligent
Surveillance

[Mw.3 Xapokmpiotikd Awopopewong Kapepov
oc AteOnmpeg iFogSim Intelligent Surveillance
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Ta poviéda eeappoydv, ot eaptnoelg Oedouévev Kol 0 KOKAOG EAEYYOL
eVOLPEPOVTOC Eivar povteromompéva ypnotpomotwvrog taéelg AppModule, AppEdge
kot AppLoop, avtictotrya. Ot 1d16tteg TV mTAeddmV (tuples) mov petagépovial amd
T0 Gkpo peTalh TV EVOTNTOV OtV €appoyn meptypaeovionr otov Ilivaka 2 .0
[Tivaxog 3 delyvel T SIOUOPP®CT TOV OIGONTNPOV TOL EUTAEKOVTIOL GTNV EQPAPLLOYT.
H o¢vown tomoroyio eivan 4 Fog Devices kor ot kdpepeg wg IoT devices. Eivat
povtelomomuévn oto iFogSim péow ta&ewv FogDevice, Sensor, PhysicalTopology

Kot Actuator.

Amnoteréopata Ilpocopoimong

2x.27  Méon xkabvotépnon KhkAlov eLEY O

>x.28 Xpnon Awtoov ko Katavalwon Evépyesog TTposopoiowong Intelligent

Surveillance
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Me Baon ta mapondve dwypdupota eival kotavontdg o polog ¢ PertioTonoinong
NG TOYLTNTAG KOl THG UEIMONE TOL KOOTOVES Omm¢ KatédelEe N mpooopoimon iIFOgSim
oe edge ward tomobémmon. Kat ota 5 dapopetikd oevapa 1, 2 , 4, 8 , 16 meproyég
emonteiag avtiotoiymg twv Configl, Config2, Config3, Config4, Configs napatnpeitar
EUQOVIG PeAtioon otn TobTNTO OTOKPIoNG, OTN UEI®OT ¥PNoNG SIKTVOL Kol OTN
KOTOVAAWDGOT EVEPYELOG.

Extoc ¢ mopamdve eUmopikig QOPUOYNG OVTOUOTOTOINUEVNG EMOTTEIOG KO
ACQUAEWOG LE TNV XPNOTN OIKTOOL KOUEPDV EPUPUOYEG EXOVLE KOl GTO TOUENS TNG
vyelag dAAa Kol otV avtopotonoinorn oty Prounyavia 4.0, cevaplo 1o omoio Ha

avaAvOel 6T GuVEKELD.
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3.3 ITAPAMETPOIIOIHXEIX XENAPIOY EKTEAEXHX

Apyikd Bo mpémer va dtopopewbel n yevikn tomoAoyia evdg l0T-EDGE-FOG-
CLOUD d&iktHov Bropnyaviog 4.0 6mmg tov Xy. 1. 1o iIFOgSIim éyovue avamapdotoon
puoévo aoOnmMpov-evepyomomtadv (YopUNAoD EMMEOOV GLOKEVEG YWPIC dLVATOHTNTES

amodnkevong 1 enelepyaciog) Kot cuokev®v FOG S10popeTikdV eMmEdwy.

"o owtd Ba opiotov 3 dagopetika enineda FOG Nodes.Zto younAdtepo eninedo
(2) Bpiokovtar ovokevég EDGE. 10 pecaio eninedo (1) FOG Servers ce tomikd
eninedo. AVO apykd pe eméktacn yio meptocdtepovg apyodtepa (Xx.29). Télog, oto
avatepo eninedo (0) Ppioketar to CLOUD npocopoiwpévo oto iFogSim wg FOG Node

avotatov emnédov (UPPER Level).

Ot ovokevég EDGE yuo AMdyovg amhotnrtag Oa givor smartphones pe evoopatopévo
ateOntipa Tov otédvet dedopéva pong (tuple) kot v 006vn tovg wg evepyomomty. Ta
gateways eivar acOpuatov TOTOL routers cuvvoedepéva pe Tig ovokevég FOG tov
peoaiov emmédov. Apa to Fog Nodes tov pecaiov emmédov amotelodV OVGIACTIKG
ovokevég opiyAng moing (Gateway Fog Devices). Ot cuokevég opiyAng moAng
YEQLUPOVOLV TO KEVTPO dedopévav tov cloud Kot TIC TEPHATIKEG GLGKEVES OUIYANG
(EDGE) yia v ektédeon piag apOpmtig epappoync. o ankotnta, ot FOG cvokevéc
oe 10w 1epapyikd emimedo Oewpovvionr opowoyeveis. H awoBnmpu  ocvyvomta

Aertovpyiag (sensing frequency) sivat idia Yo GAovg Tovg acbnTpes.
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2x.29 TomoAoyio Atktvov Zevapiov [Ipocopoiwong 10T
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Kopwo Xapoktnprotika l0T-Edge-Fog Awktdov Iposopoicmong

Onwc avaivdnke oto mponyovpevo cevaplo E&vmvouv Awktdov TTapoakorovbnong pe
TOAAOTAO GUGTNO KOUEPDV 01 KUPLEG TPOTEPALOTNTES TOL OIKTVOV NTOV O YOUNAOG
xpOvog amdkpiong PTZn dwyeipion peydriov Oykov dedopEV@V Kot 1 SuvoTOTNTA
Bapeiog enelepyasiog otovg kopPov FOG avotépov emmédmv. Xto vid e&étaon
oevaplo viomoinong loT-Edge-FOG Biounyoviag 4.0 ta kdplo yopoKTnplioTiKa

SLpoPOTOLOVVTOL Kot Efvat:

1) Avvorotnto ypryopng Enéktaong tov diktdov pe tpocbnkn cvokevav 10T 6to
Kotmtepo eninedo ( Smartphoneg 1 dAho Edge Devices pe evoopdtoon 10T

Ao TNPOV-EVEPYOTONTAOV)

2) Eloyiotomoinom tov kdoTovg g ¥pnomng tov Cloud pe daripnon tov client

module distribution ce Edge Nodes.

3) Eloyiotomoinom tng ypfiong tov ndopov eneéepyaciog otovg kOppovg FOG tov
pecaiov emmédov yio ) PeAtimon g TaydTNTAS TOV IKTVOV APOD O KLPLOG

poroc toug Ba eivan wg popeig FOG Gateways.
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Movtého E@appoyng Xevapiov Exktéheong (Application Model)

To povtého epappoyng anetkovileton oto Xynua 30. To ClientModule tonofeteiton
o€ ovokevéc EDGE ko 1o StorageModule tomofeteiton 6to CLOUD. To MainModule
arortel opopévo  apliud VTOAOYICTIKAOV TOPOV Yl VO EKKIVACEL KOl &lvot
€YKATECTNUEVO 0TI cLoKeVEG FOg pecaiov emmédov. o va eEumnpeOei n amaitnon
dwpopetik®dv ocvokevwv EDGE evidg mpobeopioc, emmAéov moOpol Umopovv va
{BovV and TEMKEG CLGKEVEG GE GUVOEDEUEVT] TTOAN LE GLOKEVEG OUIYANG LEGOIOV

EMUTESOV.

2x.30 Movtého Epappoyng Zevapiov Extéleong

63

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



Moitwkn Awaysipiong (Application Placement)

216106 TOV oevapiov ektédeong eivarl 1 cwot e&vmnpétnon twv MainApplication
modules otic cvokevéc FOG vy dapopetikd apiBud End Devices(m.y. smartphones)
Baocet g mpobecpiog Tovg Kat TS S1afecIUOTNTAG TOP®V GTIC KEVIPIKES CLOKEVEG. [
EVKOADTEPT) KATAVONOT), TO OLAYPOLLLO POTIG TNG TOALTIKNG TOTOOETNONG TNG EPUPLOYNG

napovotdletal oto Tynua 31.

2x.31 TloAitikn TomoBétong Epappoymv Xevapiov Extédleong
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4. HAAIZXIO BEATIETOIIOIHXHX, XENAPIA
YAOIIOIHXHX

['a v epappoyn Tov emAeyBEVTOC LOVTEAOL GTO TPOGOUOIMTY £YIVE TPOCAPLOYN

ot1¢ KAdoelg .java oto [IAPAPTHMA L

TestApplication (Main Class) , MyApplication, MyFogDevice, MyController,
MySensor, MyActuator, MyModulePlacement, MyPlacement.

2K0md¢ g Tpocopoimong pe Pdorn v mopapeTpomoinon eivar va eKTEAESTEL Yo
dedopévo kvokho extéheong (Control Loop) dwpopacpog client modules ota Edge
devices kot 6tav vrapEel TANpmon TV dHEcI®V TOPOV TPOoOHNGN TOV VIOAOITOV

TOV AertovpyiK®V povadwv oto Cloud.

210 mopadetypota ektédeong Ba e€etdoovue 4 oevapra Aertovpyiag pe Xroyyeio G
kot E. Onob G (Gateway Fog Devices) o apifudc tov cuokevmv Fog pecaiov emntmédov
kot E (Edge Devices) o apBuog teppotikdv cvokevmv Smartphones ava Fog Device
G.
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41 BHMATA AEITOYPIIAY - 'EAETXOX AOTTIKHE
(CONTROLLER)

Ta Ppato Tov EAeYKTH AELTOVPYIOG TOV TPOYPALLOTOS TPOGOLOImONG tvat:

A)  Exkivnon tov Main Module oto apyiké Fog Device emmédov 1 dtav @téoet og

éva threshold n pory dedopévav tuple mov Eekivaetl otovg ocOntipeg twv smartphones.

B) Auwpopoopdg Client Modules ota Edge Devices kdto tov avrtictoryov FOG

Device pe v moAttikn tonobétnong Root-Leaf mov evompoatdver o iFogSim.

I Awpopacpdg Client modules oto vmorowma khadid de€id tov apykov. O
alyoppoc emavorapupdvetar omd 10 UALO (GLOKELY] GTO VOTIO GKPO) - TLMIKA
ovokevy EDGE- éw¢ m pila (Bopetdtepn cvokevn) - ocvvnbwog to CLOUD - ko

otadlokd tomobetel Tig EvOTNTEG GE AVTEG.

A)  Teppoatiopodg g mpocopoimong Otav kavorombel (o ek T@V 2 apyk®dv

oLVONK®OV ToV BPOHYOL TOMTIKYG TOTOBETNONG.
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4.2

OYXIKEX TIMEX — IIAPAMETPOI XENAPIQN

MMPOXOMOIQXHXE

Xapaktnprotikég Tipég Pvowkdv Ovrottov Xevapiov Extéleonc

Layer Network | Level | MIPS | RAM | UpBw | DownBw UpLatency

UPPER CLOUD 0 44800 | 40000 100 10000 1
MIDDLE FOG 1 2800 4000 10000 10000 5
LOWER EDGE 2 3200 1000 1000 10000 2

[Mw.4A Tlopduetpot Zevopiov Extéleong (Resource Parameters)
Layer Network Level RATE/MIPS Busy Idle Power(D)
Power(D)

UPPER CLOUD 0 0.01 16*103 16*83.25
MIDDLE FOG 1 0.0 107.339 83.4333
LOWER EDGE 2 0.0 87.53, 82.44

IMwv.4B Tlopauetpor evopiov Extéheong (Rate/Power)
10T Device Type Latency
Sensor Deterministic 6ms
Actuator Deterministic ims
[Mwv.AI' Tlopapetpotl Zevapiov Extédleong (10T Devices)
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H pébodog CreateFogDevice() otnv kAldon Main napapetponoleiton pe Tig TiHéG Tmv
[Mv.4A4B,AT. Tho to 0evlplo €KTEAEOTG YPNOLUOTOOVVTOL TIHEG HE TIG €ENg
TAPOUOOYEC.

EneEepyaotikn 1oydg CLOUD = 14* Edge

RAM CLOUD = 10* FoG = 40* Edge

Bandwidth CLOUD <-> FoG 10Mbit,

FoG <-> Edge 1Mbit

Eneidn o kdprog poéroc twv FOG Devices pecaiov emmédov givor owtdg g
Aertovpyiag og eopéa middleware vanpeoiog (MainModule) kot moAdv gateways
nepopicape texvntd Vv eneEepyactiky] Tovg oy (2800 MIPS) oe eninedo eddyiota
wkpotepo twv Edge devices yia va e€gtdoovpe KahdTepO TNV AEITOVPYio TOV SIKTHOV

66mV apopd TV petagopd kot eykatdotaon client modules oto televtaio.

Ouv twég Uplink Bandwidth xotv Uplink Latency otv CreateFogDevice() tov
emuédov 0 Exovv cupumAnpwdel yio Adyovg Aettovpykong pe eucovikés Tiég 100, 1 yio

™ oot Aettovpyia tov iIFOgSim.

Emiong o1 kaBopiopéveg tipég kdotovg @aivovior 6to mivaka 6.

Global Cost per MeM Cost Per Storage Cost per Bw

3.0 0.05 0.001 0.0

[Mwv.6 Koaotog (Double x values)

Apo 610 TAOIG10L TG KOTOVOUNG TOMTIKNG TOPp®V Exovue mpotepardtnto o Kootog
Yhikov, Kootog Xpriong Mviung kar Kootog amodnkevong oto Cloud. Opiotnke

uUNdevikd KOGTOG XPNOoMG EVPOVG SKTVOV KABMG Etvat 101OKTNTO.
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Xapoktnprotikéc Tiuég Podv Tuple kor Modules

Resource Requirement Parameters
Module Type
MIPS | RAM Size Bandwidth
Client Module 10 1000 1000 100
Main Module 50 1500 | 4000 800
Storage Module 10 50 12000 100
ITwv.5 Tlopdpetpor Zroyeimv Evotytov Epappoyng (Modules)

lNo to 3 tuquoata ™ opbpotig seoapupoyns (Client-Main-Storage) opicape

StpopeTkég PapuTnTEC.

Client Module : Méco puéyefog 6€ o0matoelg S1KTOOV GTNV VAT, MKPES OTOLTHOELG

o€ amoONKeLTIKO Y®OPO, EMEEEPYASTIKY| 1GYD Kot EDPOS HILAOV EMKOIVOVINGS.

Main Module : Méoco MéyeBog o€ amaithoelg S1KTOOL GE amoBNKeELON KoL VAU |,

VYNAEG Aot oEls o€ emeepyaoTikn 1oy Kot €DPOG dlOLAOV ETKOVMVING.

Storage Module : Mikp6 puéyefog oe omatioelg SIKTOOL 6T VAT, 6€ ENeEEPYUOTIKN

1oY0 Kot EDPOS HIAVAOV EMKOVAOVING, VYNAES OTOLTNCELS O AmOONKELTIKO YDPO.
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FOG RESOURCE
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CPU MEMORY STORAGE NETWORK
REQUIREMENTS
Low Medium High Low Medium High Low Medium High Low Medium High
Client Module
X X X X
Main Module
X X X X
Storage Module
X X X X
[Tw.6 Bopinteg Atoutoewv og [1opovg Ynoloyiotikov Awtoov Opiying
Tuple CPU NETWORK
DAG Edges o
Direction LENGTH LENGHT
loT Sensor—->Client
TUPLE UP 100 200
Module
Client Module->Main
TUPLE UP 6000 600
Module
Main  Module—>Storage
TUPLE UP 1000 300
Module
Main Module—>Client TUPLE
100 50
Module DOWN
Client Module—> Actuator
TUPLE
100 50
DOWN
[Mw.7 Tapdpetpor Poov Tuple
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Kotd avtiotoryia pe tov wivoka 6 ™e fapdtntog 6 TOPOLS VTOAOYIGTIKOD SIKTOOL

ouiyAng, mapopetpomolobvtat Kot ot poég tuple dmwe PAEmTovue 6T0 TMivaka, 7.

Me v €mAOYN] TOV GLYKEKPIUEVOV TOPUUETPMV OLGLOCTIKG £XOVUE KAVEL HLo
EPAPLLOYTN TOMTIKNG ¥PNONG TOP®V LEGM TTapapeTponoinong twv podv TUPLE kot tov
otoyeinv Tov TuNudtov ™ apbputig epapuoyng (Modules).

H mpocoppoyn avtig g MOMTIKNG ¥PNONG MOPMOV TPOYUOTOTOLEITOL HE TO
KOTGAANAO mpoypoppaticpd ot khaoelg Main, MyController, MyModule 6mwmg
avaAvonke oto 3° fua tov Xy.25.
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4.3 XENAPIA YAOIIOIHXHX

Yevapro Extéleoncg 1

G2 E3

CLOUD - 2Fog (LvI1l)- 6 Edge Devices (LvI2)

Edge Edge Edge Edge

FOG Level 1
Edge Level 2
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Xevapro Extéleong 2

G2 E4

CLOUD - 2Fog (Lvll)- 8 Edge Devices (LvI2)

CLOUD

=]

[ A
oo ) ) ) Lo o o )

CLOUD Level O
FOG Level 1
Edge LEVEI 2
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Yevapro Extéleong 3

G3 E3

CLOUD - 3Fog (Lvl1l)- 9 Edge Devices (LvI2)

CLOUD

(=] ] [
NN
(o [ Lo ] (o [ [ [ [

——

CLOUD Level O
FOG Level 1
Edge LEVEI 2
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Yevapro Extéleonc 4

G3 E4

CLOUD - 3Fog (Lvll) - 12 Edge Devices (LvI2)

FOG FOG L FOG

VSRR

(o] ()= )(=) (=)= (=)o) (o) (=] (=] =)

FOG Level 1
Edge Level 2
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5. AITIOTEAEXMATA ITPOXOMOIQXHY KAI

EZATQI'H XYMIIEPAXMATQN

H apiBpnon Tov Nodes givan 0,1,2 a6 aprotepd tpog Ta de&1d
.. g0 1° FoG node apiotepd
e-2-3 4° Edge node mov cvvdéetan pe to 3° FOG Node d€&a

Yevaprua YAomoinong
1 2 3 4
G2 E3 G2 E4 G3 E3 G3E4
cloud 431306,6372 429969,5843 447394,724 399705,8036 ‘ CLOUD
g0 31882,46926 27420,56 27639,95456 25029,99
gl 29811,13 31880,97515 31880,2281 25029,99 FOG
g2 27420,56 31877,98694
m
Z
e-0-0 % 26206,24215 26210,32687 26214,02349 26210,32688
e-0-1 E'-<) 26136,74456 26166,68012 26186,02213 26192,83
e-0-2 @) 25031,272 26192,83 26197,90091 26192,83
e-0-3 CZD 26192,83 26192,83
W
e-1-0 % 26192,83 25134,65717 26171,57925 26192,83
e-1-1 3 26192,83 26189,66147 26197,92 26192,83 EDGE
e-1-2 6 26192,83 26192,83 25388,99902 26192,83
e-1-3 Z 26192,83 26192,83
e-2-0 26197,92 24854,73263
e-2-1 26197,92 26192,83
e-2-2 26197,92 26192,83
e-2-3 26192,83
Cost of Execution Cloud 44951,18188 43055,61313 67759,60875 150
B::g:r_k 2008,33333 2656 3789 2784
'EI')I(IS/?E“O” 404 4006 32945 1500

IMwv.8A Amoteléopata [Ipocopoimong Xevapiov Yiomoinong *(Energy, Time,Cost)
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TUPLE CPU
EXECUTION
DELAY APPLICATION LOOP DELAYS
Scenario 1
G2 E3 RawData 80,09994
Result Data 5,37147 [loTSensor, clientModule, mainModule, clientModule, loTActuator] ---> 101,96979
loT Sensor 0,24470
Store Data 0,38460
Scenario 2
G2 E4 RawData 108,66539
Result Data 1,67887 [loTSensor, clientModule, mainModule, clientModule, loTActuator] ---> 93,03215
loT Sensor 0,25625
Store Data 0,41270
Scenario 3
G3 E3 RawData 4,81918
Result Data 45,12714 [loTSensor, clientModule, mainModule, clientModule, loTActuator] ---> 162,87390
loT Sensor 44,99998
Store Data 0,30204
Scenario 4
G4 E4 RawData
Result Data [loTSensor, clientModule, mainModule, clientModule, loTActuator] ---> [0)
loT Sensor 0,38125
Store Data
IMv.8B  Amoteléoporta [pocopoimong Zevapiov YAomoinong (Tuple Delays)

[Topatnpovpe Ot 6TO 6EVAPLO 4 TG TPOCONOIMGNS OEV OLOKANPAOVETAL 0 KOKAOG

eléyyov (loTSensor, clientModule, mainModule, clientModule, loTActuator). Avto

ovpPaivel d10TL vVITapyEL EAeyyog Ppoyxov otV oMtk droeipiong (Ty.31), 0 omoiog

IKOVOTTOLEITO TPV TV OAOKANpmon tov dapolpacpov client modules ota Edge

Devices ka1 apopd Tov dtabécipovg topovg otig FOG 6uoKevEs.

To oeviplo 4 Opmg elvor laitepa ¥PNOIUO YOO VO EVIOMICTOLV T OpLd

yopntikémrag tov dwiktvov FOG oe edge devices (<12) yio TIC GUYKEKPIUEVES

napopétpovg diktvov (ITv.4A)

[Mpogavdg, av Htav extBoun 1 ETEKTAGT TOL S1KTVOL G TeplocdTepes End Devices

npénet va avénbel n dtwbeouotto toépev (MIPS,RAM) otig ovokevég FOG tov

gmumédov 1.
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5.1 AIATPAMMATA - EEAI'QI'H XYMIIEPAXMATQN

MEXH KAOYXTEPHXH KYKAOY EAEI'X0OY

Average Latency of Control Loop

180
160
140
120
100
80
60
40
20

G2 E3 G2 E4 G3 E3 G4 E4

2x.32 Méon Kabvotépnon Koxkhov EAEyyov Zevapiov YAomoinong

[Mopatmpeitor évtovn cvoyétion avdupeco otn péon koBuotépnon Tov KOKAOL

eréyyov kot tov apdud tov FOG kot Edge Devices.

Me mapatipnon tov emuépovg kabvotepnoemv (average CPU delays, ITwv.8B) ,
EMEKTAGT TOV SIKTVOV TTPOC T KAT® Yo id10 apdpd FOG devices oto eminedo 1 pe
neplocdtepo. Edge Devices oto eminedo 2,UedVEL T1] GUVOAIKO YPOVO OLOKANP®ONG

KOKAOV EAEYYOV.

Avtifétwg, avdvetar apketd o ypovog kKOKAoL eAéyyov oe kdbe mpocOHnkn FoG
Device emmédov 1(Zevapio 3).I'eyovog mov givar bkoro katavontd apod avEdvetol
AOY® NG APYLTEKTOVIKNG OPKETA 0 aplOog TV cuvoAK®V hops tev podv tuple amod
T0 eminedo 2 o10 emimedo 1.Z10 ceviplo 4 dmwg avorvbnke eiyaue dtokom Adym

vrépPaong opiov dabéciumy TOpwV.
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KATANAAQXH ENEPT'EIAX XTO AIKTYO

Energy Consumption

450000
400000
350000
300000
250000
200000
150000
100000

50000

-_———

0
G2 E3 G2 E4 G3 E3 G3 E4

BCLOUD EFOG HOEDGE

2x.33 Kartavéiwon Evépyelag oto Alktvo

Eivaw edkola katovontd (Xx.33) o1t yia tov id1o apOpd FoG devices emmédov 1 av
avénoovpe tov aplBud tov Edge devices ava xoufo FOG €xovpe avénom g

Kotovaimong otig END devices pe gldytot ntmon otig ovtiotolyeg cvokevég FOG.

Enopévog n moAitikn Katavopng Tépwv mov papUOGTNKE GTO OTKTVO VITOAOYIGTIKTG
OUiyANG e TV mpocopoimon mov ekteAéoTnKe oto IFOgSIM, Agttovpyel OmmG Ty
avapevopevo. Anlodn, He YoUNAES duVATOTNTEG VITOAOYIGTIKNG 1o(VOS GTO HECAIO0
eminedo £yovpe Aettovpyia yoyn oTo YaAUNAOTEPO EMIMESO KOt LETOKIVIGN TOV GYKOV

m¢ enefepyaciag Kot O1aomTopd TOL POPTOV SIKTHOL TPOG TIG YAUNAOTEPES CLOKEVEG,.

Y& Ol ta oevaplo 1) katavaiwmon evépyetag oto Cloud mapapével ota id1o emineda pe
Hikpég dlakvpaveets yuo mepintoon Cloud only placement. MéAiota to dOpotopa g
katavalmong Fog kot EDGE cuokevdv oe kébe cevapio Edge-Ward tomobémmong
gtvon pikpdtepo amo v avtiotoyn Katavalmon evépyetog o€ Cloud Only torobétmon,

axoun kot otny 4" nepintwon mov £yovpe 3 FOG ko 12 EDGE Devices.
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XPHXH NIOPQN EYPOYX AIKTYOY

Network Usage

4000
3500
3000
2500
2000
1500
1000
500

0

G2 E3 G2 E4 G3 E3 G3E4
Xx.34 Xpnon [Hopwv Ebpovg Awctvov

AvopeVOLEVO JIAYPOLLILO OPLOANG aOENON XPNONG EVPOLG OIKTVOV LE TNV TPOSHNKN
neplocdtepmv devices. To 4° oeviplo 0 avIITPOCM®REVEL TPAYUOTIKY TN XPNONS
JIKTVOV Ylo. GUYKPLon KaOmG 0 Ppdyog Asttovpyiog oTopatdel TP oAoKANpwOel o

dwapotpoaoudc OAmv tmv client modules kot otig 12 cvokevéc.
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MEXOX XPONOX EKTEAEXHX [TPOXOMOIQXHE

AVERAGE EXECUTION TIME (SEC)

%
.
%
.
.
%
%
.

2x.35 Méoog Xpdvog Extéreong [Ipocopoimwong

ExBetikn avénon tov xpodvou g mpocopoimong pe v tpocsOnkn cvokevadv EDGE
oAl kupiog FOG. Kdrtt to omoio eivar avapevopevo AOYm Tng OpyLTEKTOVIKNG TOL
iIFOgSim, agol pe v mPocHNKN GLOKELVOV Kol ETOUEVOG Kol aucOnTipmv Kot
EVEPYOTTOMNTAOV, 0 0ptOpog TV hops tov tuple arnd to kabe EOAO TG dEVIPIKAG SOUNG

pog 1 pila Ko TéAL KATm, avEdvetor eKOETIKA.
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KOXTOX AITIOOHKEYXHX XTO CLOUD

Cost of Execution Cloud

7759,6087

T 4951,1818

3055,6131

G2 E3 G2 E4 G3 E3

>x.36 Kootoc amobnkevong (storage data) oto Cloud

AvENGN TOL KOGTOVE OO KELONC LLE TTPOGOTKT GLOKEVOV KT avOAOYia e TNV
KATAVAA®GT EVEPYELNS GTO HIKTVO VITOAOYIGTIKNG OUiyANG TOL oynuatog 23. IMa 110
ap1Buo Fog Devices pe mtpochnkn nepiocotépov Edge oto kAAd0 Tove, pHetdvetat
Ayo 1o k6010 amobnkevong oto Cloud Adym kadlvtepn Aettovpyiag Thg

apytekTovikng twv modules.

KdaBe pia mpostnkm FOG cuckevmv tov gmmédov 1 avEdvel onpavtikd 10 KO6TOG
Loyw avénong tov tuple hops kot emt pépovg writes oo storage module mov Egkivodv

and 1o kébe archnTpa.
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IMPOXOMOIQXEIX KAI XYMIIEPAXMATA

Xta TAaioto Tov povtélov tomobétnong g apbpwthc epapuoyng Main Module-
Client Module-Storage Module mov gpoppocape 6€ SKTVO VIOAOYIGTIKNG OUiYANG
Blounyaviag 4.0 pe Baon ta povtéda Ewkovikomoinong ot PTPN mov eidape oto
TPONYOVUEVO KEPAAOIO KOl EVOOUATOVOVTOL GTOV Tpocouolmty IFogSIim omwmg
avVOADoOUE 6TO KeQPAAOO 2, €melta amd TNV TPOGOUOIMON TOL EKTEAECTNKE GTOV

npocouowmty iIFOgSim katoAn&ape ota £€\g ovumepdopaTa.

Me mtpocOnkn 610 vroloyioTikd dikTvo opiyAng cvokevwv EDGE éyovue Pedtioon
NG KOTAVOUNG EVEPYELNG ,LEMVOVTOS TO Bapog encéepyaciog ot cvokevég FOG tov
pesaiov EmmESOL TV 0MoiMV 01 TOPOL UIToPoHV Vo ¥pNooronBodv Kat yio GAAEG
YPNOES TAPOAN TNV HEYEAN avénon TV oacOnTNp®V Kot EVEPYOTOMT®OV Omd OTOV

EeKVOUV Kol KATAAYOLV 01 poég dedopuévamv tuples oto katdtepo eninedo.

[Mopdiinia , &govpe peiwon tov kdoTovg amobnkevong oto CLOUD. H avénon oe
YPNOM TOP®V EDPOVS FIKTVOV KOl GTNV KOTAVAAMOT) EVEPYELS Elval 6€ KAAO puOuS Kot
o€ yapnia enineda Evavtt pog kabopng Cloud viomoinong yio id1o aptOud TeppOTIKOV

OVOKEVMV.

[TpéPAnua yevikd otn Aettovpyia dtktvov eppavifetol povo dtav mpootibevior FOG
OLOKEVEG GTO HECOI0 EMIMESD KOTA TNV EMEKTAGN TOV, EPOCOV 1 OAOECIUOTNTA TOV
TOPWV TOVG TAPApEVEL G€ XaUNAO enimedo oe cuykpilomn pe TG cvokevéc EDGE tov
Kat@tePov emumédov. To yeyovdg avtd pmopel vo diepevvnbel peAloviikd pécm
BeAtiotomoinong g Aettovpyiog Tov pecaiov emmédov M mwpocsHnkn Ko GAAov

emmédov FOG cvokevmv avapesa 6to 1° kot 2° eninedo g TPOGOHOImoTG.

83

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



BIBAIOI'PA®IA

1. Ashok Sutagundar, Sangeeta B Shahapur, Development of Fog based Dynamic
Resource Allocation and Pricing Model in 10T, 2018 Second International
Conference on Green Computing and Internet of Things (ICGCIoT) ,16-18 Aug.
2018.

2. Rajkumar Buyya, Satish Narayana Srirama, Modeling and Simulation of Fog
and Edge Computing Environments Using iFogSim Toolkit, Wiley Telecom,
Page(s): 433 — 465, 2019.

3. Jayavardhana Gubbi, Rajkumar Buyya, Slaven Marusic, Marimuthu
Palaniswami, Internet of Things (1oT): A vision, architectural elements, and
future directions, Elsevier B.V, 2013./

4. Dimitrios Georgakopoulos , Prem Prakash Jayaraman , Maria Fazia , Massimo
Villari , Rajiv Ranjan, Internet of Things and Edge Cloud Computing
Roadmap for Manufacturing, IEEE Cloud Computing Volume: 3, Issue: 4,
July-Aug. 2016.

5. Mohammad Aazam, Sherali Zeadally, Khaled A. Harras Deploying Fog
Computing in Industrial Internet of Things and Industry 4.0, IEEE
TRANSACTIONS ON INDUSTRIAL INFORMATICS, VOL. 14, NO. 10,
OCTOBER 2018.

6. Vangelis Gazis , Alessandro Leonardi , Kostas Mathioudakis , Konstantinos
Sasloglou, Panayotis Kikiras AGT Group (R&D) GmbH, Germany,
Raghuram Sudhaakar Cisco Systems Inc., USA Components of fog computing
in an industrial internet of things context , 12th Annual IEEE International
Conference on Sensing, Communication, and Networking - Workshops
(SECON Workshops) ,2015.

84

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



7. Harshit Gupta , Amir Vahid Dastjerdi , Soumya K. Ghosh, Rajkumar Buyya,
iIFogSim: A toolkit for modeling and simulation of resource management
techniques in the Internet of Things, Edge and Fog computing environments ,
Wiley Telecom , 5 May 2017.

8. Jianhua Li, Jiong Jin , Dong Yuan, Hongke Zhang, Virtual Fog: A
Virtualization Enabled Fog Computing Framework for Internet of Things,
IEEE INTERNET OF THINGS JOURNAL, VOL. 5, NO. 1, FEBRUARY 2018.

9. Bonomi F, Milito R, Natarajan P, Zhu J. Fog computing: a platform for
internet of things and analytics. In: Big Data and Internet of Things A

Roadmap for Smart Environments Springer; 169-186, 2014.

10. Apostolos Galanopoulos , George losifidis, Theodoros Salonidis Optimizing
Data Analytics in Energy Constrained 10T Networks , School of Computer
Science and Statistics, Trinity College Dublin, Ireland , IBM T.J. Watson
Research Center, Yorktown Heights, NY, USA

11. Lina Ni, Jinquan Zhang, Changjun Jiang, Chungang Yan, Kan Yu Resource
Allocation Strategy in Fog Computing Based on Priced Timed Petri Nets,IEEE
INTERNET OF THINGS JOURNAL, VOL. 4, NO. 5, OCTOBER 2017.

85

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



ININAKEX
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ITw. AT

ITw.5

ITw.6
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[opapetpot Zevopiov Extéleong (10T Devices)

[Mapapetpor Xtoryeiov Evomtov Epapupoync (Modules)

Bopotmteg Atoutioemv g [1opovg Yrnoroyiotikod Atktoov Opiying
Mopdauetpor Podv Tuple

Amoteléopata [Ipocopoimong Zevapiov Yromoinong*(Energy, Time,Cost)

Amnoteréopara [Ipocopoimong Zevapiov YAomoinong (Tuple Delays)
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>x.9 PTPN XZvyypovicuéveg Epyaocieg
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Xx.11  Awypappo Porig Epyaciov

Xx.12  Movtéro Epappoyng AdyopiBuov PTPN
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Xx.14  Aiktvo YTOAOYIGTIKYG OPIYANG LE EVEPYOTOMUEVT] EIKOVIKOTOINGN
yv. 15  Apyrtektovikn TAOTEOPLOC TPOGAPUOOTIKOV Agttovpyldv (APO)
2x.16A  Zevdpro vid e€étaon AOP pe ypnom andod dpoporoynt
2x.16B  Xevapio vmo e&€taon AOP pe yprion DMo dpoporoynm
Xx.17  IIA0Boc Mokétwv ko Xpron [Mopwv CPU ce APO didtaén
>y.18  Apyutektovikn Fog Computing oto iFogSim
%19  Oguehmdec Khdoeg oto iFOgSim

¥y.20  iFogSim KAdoeig Dvokng Tomodoyiog
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>x.21

Yy.22 Edge-Ward AAyopiBuoc tomobétnong modules oto iFogSim
>y.23  iFogSim GUI

2x.24  Apyeio JSON tomoroyiog diktdov

.25  Apytextovikn YAonoinong Fog Computing oto iFogSim
>y.26  Movtého epapuoyng Intelligent Surveillance

Xx.27  Méon kabootépnon KOKAOV EAEYYOL

>x.28  Xpnon Awtoov kot Koatavarloon Evépyelag [pocopoimong Intelligent
Surveillance

2x.29  Tomoloyia Awtvov Zevapiov [Ipocsopoimong 10T

>x.30  Movtélo Epappoyng Zevapiov Extédeong

2x.31  IMoltikn TomoBétnong Eeappoyadv Zevapiov Extédeong
¥x.32  Méom Kabvotépnon Kokhov EAéyyov Zevopiov YAomoinong
2x.33 Koravaioon Evépyeslog oto Aiktvo

>x.34  Xpnon [Hopwv Evpovg AktHov

>x.35 Méoog Xpovog Extéreong Ipocopoimong

¥x.36  Kootog amobfkevong (Storage data) oto Cloud

Adypappo Pong Inyng ko Ene€epyooiag Tuple oto iFogSim
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[TAPAPTHMA A - KQAIKAZX iFogSim

MAIN CLASS - TestApplication.java

package org.fog.test.perfeval;

import java.util. ArrayList;
import java.util.Calendar;
import java.util. HashMap;
import java.util.LinkedList;
import java.util.List;
import java.util.Map;

import java.util.Random;

import org.cloudbus.cloudsim.Host;

import org.cloudbus.cloudsim.Log;

import org.cloudbus.cloudsim.Pe;

import org.cloudbus.cloudsim.Storage;

import org.cloudbus.cloudsim.core.CloudSim;

import org.cloudbus.cloudsim.power.PowerHost;

import org.cloudbus.cloudsim.provisioners.RamProvisionerSimple;

import org.cloudbus.cloudsim.sdn.overbooking.BwProvisionerOverbooking;
import org.cloudbus.cloudsim.sdn.overbooking.PeProvisionerOverbooking;
import org.fog.application.AppEdge;

import org.fog.application.AppLoop;

import org.fog.application.MyApplication;

import org.fog.application.selectivity.FractionalSelectivity;

import org.fog.entities.FogBroker;

import org.fog.entities.FogDeviceCharacteristics;

import org.fog.entities.MyActuator;

import org.fog.entities.MyFogDevice;
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import org.fog.entities.MySensor;

import org.fog.entities. Tuple;

import org.fog.placement.ModuleMapping;

import org.fog.placement.MyController;

import org.fog.placement.MyModulePlacement;
import org.fog.policy.AppModuleAllocationPolicy;
import org.fog.scheduler.StreamOperatorScheduler;
import org.fog.utils.FogLinearPowerModel;

import org.fog.utils.FogUtils;

import org.fog.utils. TimeKeeper;

import org.fog.utils.distribution.DeterministicDistribution;

/**

* Simulation setup for Fog Case Study 1 - 2 Clients(Smartphones) 1 10T Sensor 1
Actuator(display) 1 Fog Device per Branch

* @author Jim Lokas

*

*/

public class TestApplication {
static List<MyFogDevice> fogDevices = new ArrayList<MyFogDevice>();

static Map<Integer,MyFogDevice> deviceByld = new
HashMap<Integer,MyFogDevice>();

static List<MySensor> sensors = new ArrayList<MySensor>();
static List<MyActuator> actuators = new ArrayList<MyActuator>();
static List<Integer> idOfEndDevices = new ArrayList<Integer>();

static Map<Integer, Map<String, Double>> deadlinelnfo = new
HashMap<Integer, Map<String, Double>>();

static Map<Integer, Map<String, Integer>> additionalMipsinfo = new
HashMap<Integer, Map<String, Integer>>();

static boolean CLOUD = false;
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static int numOfGateways = 2;
static int numOfEndDevPerGateway = 3;

static double sensinglInterval = 5;

public static void main(String[] args) {

Log.printLine("Starting TestApplication...");

try {
Log.disable();

int num_user = 1;

Calendar calendar = Calendar.getInstance();
boolean trace_flag = false;
CloudSim.init(num_user, calendar, trace_flag);
String appld = "test_app";

FogBroker broker = new FogBroker("broker");

createFogDevices(broker.getld(), appld);

MyApplication application = createApplication(appld,
broker.getld());

application.setUserld(broker.getld());

ModuleMapping moduleMapping =
ModuleMapping.createModuleMapping();

moduleMapping.addModuleToDevice("storageModule”,
"cloud™);

for(int i=0;i<idOfEndDevices.size();i++)

{

MyFogDevice fogDevice =
deviceByld.get(idOfEndDevices.get(i));
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moduleMapping.addModuleToDevice("clientModule™,
fogDevice.getName());

¥

MyController controller = new MyController("master-
controller”, fogDevices, sensors, actuators);

controller.submitApplication(application, 0, new
MyModulePlacement(fogDevices, sensors, actuators, application,
moduleMapping,"mainModule"));

TimeKeeper.getinstance().setSimulationStartTime(Calendar.getinstance().get
TimelnMillis());

CloudSim.startSimulation();

CloudSim.stopSimulation();

Log.printLine("TestApplication finished!");
} catch (Exception e) {
e.printStackTrace();

Log.printLine("Unwanted errors happen™);

private static double getvalue(double min, double max)

{

Random r = new Random();
double randomValue = min + (max - min) * r.nextDouble();

return randomValue;
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private static int getvalue(int min, int max)

{
Random r = new Random();
int randomValue = min + r.nextInt()%(max - min);
return randomValue;

}

private static void createFogDevices(int userld, String appld) {

MyFogDevice cloud = createFogDevice(* cloud”, 44800, 40000, 100,
10000, 0, 0.01, 16*103, 16*83.25);

cloud.setParentld(-1);
fogDevices.add(cloud);
deviceByld.put(cloud.getld(), cloud);

for(int i=0;i<numOfGateways;i++){

addGw(i+"", userld, appld, cloud.getld());

private static void addGw(String gwPartialName, int userld, String appld, int
parentld){

MyFogDevice gw = createFogDevice("g-"+gwPartialName, 2800,
4000, 10000, 10000, 1, 0.0, 107.339, 83.4333);

fogDevices.add(gw);
deviceByld.put(gw.getld(), gw);
gw.setParentld(parentld);
gw.setUplinkLatency(4);

for(int i=0;i<numOfEndDevPerGateway;i++){
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String endPartialName = gwPartialName+"-"+i;

MyFogDevice end = addEnd(endPartialName, userld, appld,

gw.getld());
end.setUplinkLatency(2);
fogDevices.add(end);
deviceByld.put(end.getld(), end);
¥
¥

private static MyFogDevice addEnd(String endPartialName, int userld, String
appld, int parentld){

MyFogDevice end = createFogDevice("e-"+endPartialName, 3200,
1000, 10000, 270, 2, 0, 87.53, 82.44);

end.setParentld(parentld);
iIdOfEndDevices.add(end.getld());

MySensor sensor = new MySensor("s-"+endPartialName,
"loTSensor", userld, appld, new DeterministicDistribution(sensinglInterval)); // inter-
transmission time of EEG sensor follows a deterministic distribution

sensors.add(sensor);

MyActuator actuator = new MyActuator("a-"+endPartialName, userld,
appld, "loTActuator");

actuators.add(actuator);
sensor.setGatewayDeviceld(end.getld());

sensor.setLatency(6.0); // latency of connection between EEG sensors
and the parent Smartphone is 6 ms

actuator.setGatewayDeviceld(end.getld());

actuator.setLatency(1.0); // latency of connection between Display
actuator and the parent Smartphone is 1 ms

return end;

private static MyFogDevice createFogDevice(String nodeName, long mips,
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int ram, long upBw, long downBw, int level, double
ratePerMips, double busyPower, double idlePower) {

List<Pe> peList = new ArrayList<Pe>();

peList.add(new Pe(0, new PeProvisionerOverbooking(mips)));
int hostld = FogUtils.generateEntityld();

long storage = 1000000;

int bw = 10000;

PowerHost host = new PowerHost(
hostld,
new RamProvisionerSimple(ram),
new BwProvisionerOverbooking(bw),
storage,
peL.ist,
new StreamOperatorScheduler(peList),
new FogLinearPowerModel(busyPower, idlePower)
);
List<Host> hostList = new ArrayList<Host>();
hostList.add(host);
String arch = "x86";
String os = "Linux";
String vmm = "Xen";
double time_zone = 10.0;
double cost = 3.0;
double costPerMem = 0.05;
double costPerStorage = 0.001;
double costPerBw = 0.0;
LinkedList<Storage> storageList = new LinkedList<Storage>();

FogDeviceCharacteristics characteristics = new
FogDeviceCharacteristics(

arch, os, vmm, host, time_zone, cost, costPerMem,
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costPerStorage, costPerBw);

MyFogDevice fogdevice = null,
try {
fogdevice = new MyFogDevice(nodeName, characteristics,

new AppModuleAllocationPolicy(hostList),
storageL.ist, 10, upBw, downBw, 0, ratePerMips);

} catch (Exception e) {
e.printStackTrace();

fogdevice.setLevel(level);
fogdevice.setMips((int) mips);

return fogdevice;

@SuppressWarnings({"serial" })
private static MyApplication createApplication(String appld, int userld){

MyApplication application = MyApplication.createApplication(appld,
userld);

application.addAppModule("clientModule™,10, 1000, 1000, 100);
application.addAppModule("mainModule”, 50, 1500, 4000, 800);
application.addAppModule("'storageModule”, 10, 50, 12000, 100);

application.addAppEdge("loTSensor", "clientModule™, 100, 200,
"loTSensor", Tuple.UP, AppEdge.SENSOR);

application.addAppEdge(“clientModule™, "mainModule™, 6000, 600 |,
"RawData", Tuple.UP, AppEdge. MODULE);

application.addAppEdge("mainModule”, "storageModule”, 1000, 300,
"StoreData", Tuple.UP, AppEdge.MODULE);
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application.addAppEdge("mainModule”, “clientModule™, 100, 50,
"ResultData", Tuple. DOWN, AppEdge.MODULE);

application.addAppEdge(*“clientModule”, "loTActuator”, 100, 50,
"Response”, Tuple. DOWN, AppEdge. ACTUATOR);

application.addTupleMapping(“clientModule”, "loTSensor",
"RawData", new FractionalSelectivity(1.0));

application.addTupleMapping("mainModule"”, "RawData",
"ResultData", new FractionalSelectivity(1.0));

application.addTupleMapping(*mainModule”, "RawData",
"StoreData", new FractionalSelectivity(1.0));

application.addTupleMapping(“clientModule", "ResultData",
"Response”, new FractionalSelectivity(1.0));

for(int id:idOfEndDevices)
{

Map<String,Double>moduleDeadline = new
HashMap<String,Double>();

moduleDeadline.put("mainModule™, getvalue(3.00, 5.00));

Map<String,Integer>moduleAddMips = new
HashMap<String,Integer>();

moduleAddMips.put("mainModule”, getvalue(0, 500));
deadlinelnfo.put(id, moduleDeadline);

additionalMipsiInfo.put(id,moduleAddMips);

final AppLoop loopl = new AppLoop(new
ArrayList<String>(){{add("loTSensor");add("clientModule");add("mainModule™);ad
d("clientModule");add("loTActuator);}});

List<AppLoop> loops = new ArrayList<AppLoop>(){{add(loopl);}};
application.setLoops(loops);

application.setDeadlinelnfo(deadlineinfo);
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application.setAdditionalMipsinfo(additionalMipsinfo);

return application;
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MyApplication.java

package org.fog.application;

import java.util.ArrayL.ist;
import java.util.HashMap;
import java.util.List;

import java.util.Map;

import org.apache.commons.math3.util.Pair;

import org.cloudbus.cloudsim.UtilizationModelFull;
import org.fog.application.selectivity.SelectivityModel,
import org.fog.entities. Tuple;

import org.fog.scheduler. TupleScheduler;

import org.fog.utils.FogUtils;

import org.fog.utils.GeoCoverage;

/**

* Class represents an application in the Distributed Dataflow Model.
* @author Harshit Gupta

*

*/

public class MyApplication {

private String appld;
private int userld;

private GeoCoverage geoCoverage;

99

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



/**
* List of application modules in the application
*/

private List<AppModule> modules;

[
* List of application edges in the application
*/

private List<AppEdge> edges;

[Hx
* List of application loops to monitor for delay
*/

private List<AppLoop> loops;

private Map<String, AppEdge> edgeMap;

/**

* Creates a plain vanilla application with no modules and edges.

* @param appld

* @param userld

* @return

*/

public static MyApplication createApplication(String appld, int userld){
return new MyApplication(appld, userld);

/**

* Adds an application module to the application.

* @param moduleName
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* @param ram

*/

/**

* Adds a non-periodic edge to the application model.
* @param source

* @param destination

* @param tupleCpuLength

* @param tupleNwLength

* @param tupleType

* @param direction

* @param edgeType

*/

public void addAppEdge(String source, String destination, double
tupleCpuLength,

double tupleNwLength, String tupleType, int direction, int
edgeType){

AppEdge edge = new AppEdge(source, destination, tupleCpuLength,
tupleNwLength, tupleType, direction, edgeType);

getEdges().add(edge);
getEdgeMap().put(edge.getTupleType(), edge);

/**

* Adds a periodic edge to the application model.
* @param source

* @param destination

* @param tupleCpuLength

* @param tupleNwLength

* @param tupleType

* @param direction
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* @param edgeType
*/

public void addAppEdge(String source, String destination, double periodicity,
double tupleCpuLength,

double tupleNwLength, String tupleType, int direction, int
edgeType){

AppEdge edge = new AppEdge(source, destination, periodicity,
tupleCpulLength, tupleNwLength, tupleType, direction, edgeType);

getEdges().add(edge);
getEdgeMap().put(edge.getTupleType(), edge);

/**

* Define the input-output relationship of an application module for a given
input tuple type.

* @param moduleName Name of the module
* @param inputTupleType Type of tuples carried by the incoming edge
* @param outputTupleType Type of tuples carried by the output edge

* @param selectivityModel Selectivity model governing the relation between
the incoming and outgoing edge

*/

public void addTupleMapping(String moduleName, String inputTupleType,
String outputTupleType, SelectivityModel selectivityModel){

AppModule module = getModuleByName(moduleName);

module.getSelectivityMap().put(new Pair<String,
String>(inputTupleType, outputTupleType), selectivityModel);

¥

[H%x
* Get a list of all periodic edges in the application.
* @param srcModule

* @return

*/
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public List<AppEdge> getPeriodicEdges(String srcModule){
List<AppEdge> result = new ArrayList<AppEdge>();
for(AppEdge edge : edges){
if(edge.isPeriodic() && edge.getSource().equals(srcModule))
result.add(edge);
}

return result;

public MyApplication(String appld, int userld) {
setAppld(appld);
setUserld(userld);
setModules(new ArrayList<AppModule>());
setEdges(new ArrayList<AppEdge>());
setGeoCoverage(null);
setLoops(new ArrayList<AppLoop>());
setEdgeMap(new HashMap<String, AppEdge>());

public MyApplication(String appld, List<AppModule> modules,

List<AppEdge> edges, List<AppLoop> loops, GeoCoverage
geoCoverage) {

setAppld(appld);

setModules(modules);

setEdges(edges);

setGeoCoverage(geoCoverage);

setLoops(loops);

setEdgeMap(new HashMap<String, AppEdge>());

for(AppEdge edge : edges){
getEdgeMap().put(edge.getTupleType(), edge);
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/**

* Search and return an application module by its module name
* @param name the module name to be returned
* @return
*/
public AppModule getModuleByName(String name){
for(AppModule module : modules){
if(module.getName().equals(name))
return module;

}

return null;

/**

* Get the tuples generated upon execution of incoming tuple
<i>inputTuple</i> by module named <i>moduleName</i>

* @param moduleName name of the module performing execution of
incoming tuple and emitting resultant tuples

* @param inputTuple incoming tuple, whose execution creates resultant
tuples

* @param sourceDeviceld
* @return
*/

public List<Tuple> getResultantTuples(String moduleName, Tuple
inputTuple, int sourceDeviceld, int sourceModuleld){

List<Tuple> tuples = new ArrayList<Tuple>();

AppModule module = getModuleByName(moduleName);

for(AppEdge edge : getEdges()){
if(edge.getSource().equals(moduleName)){
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Pair<String, String> pair = new Pair<String,

String>(inputTuple.getTupleType(), edge.getTupleType());

if(module.getSelectivityMap().get(pair)==null)

continue;

SelectivityModel selectivityModel =

module.getSelectivityMap().get(pair);
if(selectivityModel.canSelect()){

/ITODO check if the edge is ACTUATOR, then

create multiple tuples

if(edge.getEdgeType() ==
AppEdge. ACTUATOR){

[[for(Integer actuatorld :

module.getActuatorSubscriptions().get(edge.getTupleType())){

Tuple tuple = new Tuple(appld,

FogUtils.generateTupleld(), edge.getDirection(),

(edge.getTupleCpuLength()),

inputTuple.getNumberOfPes(),

(edge.getTupleNwLength()),

inputTuple.getCloudletOutputSize(),

inputTuple.getUtilizationModelCpu(),

inputTuple.getUtilizationModelRam(),

inputTuple.getUtilizationModelBw/()

tuple.setActualTupleld(inputTuple.getActual Tupleld());

tuple.setUserld(inputTuple.getUserld());
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tuple.setAppld(inputTuple.getAppld());

tuple.setDestModuleName(edge.getDestination());

tuple.setSrcModuleName(edge.getSource());

tuple.setDirection(Tuple. ACTUATOR);

tuple.setTupleType(edge.getTupleType());

tuple.setSourceDeviceld(sourceDeviceld);

tuple.setSourceModuleld(sourceModuleld);

[Ituple.setActuatorld(actuatorld);

tuples.add(tuple);
I}

Yelse{

Tuple tuple = new Tuple(appld,
FogUtils.generateTupleld(), edge.getDirection(),

(long)
(edge.getTupleCpuLength()),
inputTuple.getNumberOfPes(),
(long)
(edge.getTupleNwLength()),
inputTuple.getCloudletOutputSize(),
inputTuple.getUtilizationModelCpu(),

inputTuple.getUtilizationModelRam(),

inputTuple.getUtilizationModelBw()

106

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



tuple.setActualTupleld(inputTuple.getActual Tupleld());
tuple.setUserld(inputTuple.getUserld());
tuple.setAppld(inputTuple.getAppld());

tuple.setDestModuleName(edge.getDestination());

tuple.setSrcModuleName(edge.getSource());
tuple.setDirection(edge.getDirection());

tuple.setTupleType(edge.getTupleType());

tuple.setSourceModuleld(sourceModuleld);

tuples.add(tuple);

}

return tuples;

/**

* Create a tuple for a given application edge
* @param edge

* @param sourceDeviceld

* @return

*/

public Tuple createTuple(AppEdge edge, int sourceDeviceld, int
sourceModuleld){

AppModule module = getModuleByName(edge.getSource());
if(edge.getEdgeType() == AppEdge. ACTUATOR){
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for(Integer actuatorld :
module.getActuatorSubscriptions().get(edge.getTupleType())){

Tuple tuple = new Tuple(appld,
FogUtils.generateTupleld(), edge.getDirection(),

(long) (edge.getTupleCpulLength()),

1,

(long) (edge.getTupleNwLength()),

100,

new UtilizationModelFull(),

new UtilizationModelFull(),

new UtilizationModelFull()

);
tuple.setUserld(getUserld());
tuple.setAppld(getAppld());
tuple.setDestModuleName(edge.getDestination());
tuple.setSrcModuleName(edge.getSource());
tuple.setDirection(Tuple. ACTUATOR);
tuple.setTupleType(edge.getTupleType());
tuple.setSourceDeviceld(sourceDeviceld);
tuple.setActuatorld(actuatorld);

tuple.setSourceModuleld(sourceModuleld);

return tuple;

Yelse{

Tuple tuple = new Tuple(appld, FogUtils.generateTupleld(),
edge.getDirection(),

(long) (edge.getTupleCpulLength()),
1,

(long) (edge.getTupleNwLength()),
100,
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new UtilizationModelFull(),

new UtilizationModelFull(),

new UtilizationModelFull()

);
[ltuple.setActual Tupleld(inputTuple.getActual Tupleld());
tuple.setUserld(getUserld());
tuple.setAppld(getAppld());
tuple.setDestModuleName(edge.getDestination());
tuple.setSrcModuleName(edge.getSource());
tuple.setDirection(edge.getDirection());
tuple.setTupleType(edge.getTupleType());

tuple.setSourceModuleld(sourceModuleld);

return tuple;

ky

return null;

public String getAppld() {
return appld;
}
public void setAppld(String appld) {
this.appld = appld;
}
public List<AppModule> getModules() {
return modules;
}
public void setModules(List<AppModule> modules) {

this.modules = modules;
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public List<AppEdge> getEdges() {
return edges;

}
public void setEdges(List<AppEdge> edges) {

this.edges = edges;

}
public GeoCoverage getGeoCoverage() {

return geoCoverage;

}

public void setGeoCoverage(GeoCoverage geoCoverage) {

this.geoCoverage = geoCoverage;

public List<AppLoop> getLoops() {

return loops;

public void setLoops(List<AppLoop> loops) {

this.loops = loops;

public int getUserld() {

return userld:;

public void setUserld(int userld) {

this.userld = userld;

public Map<String, AppEdge> getEdgeMap() {
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return edgeMap;

public void setEdgeMap(Map<String, AppEdge> edgeMap) {
this.edgeMap = edgeMap;

T N inclusion
private Map<Integer, Map<String, Double>> deadlinelnfo;

private Map<Integer, Map<String, Integer>> additionalMipsInfo;

public Map<Integer, Map<String, Integer>> getAdditionalMipsinfo() {

return additionalMipsinfo;

public void setAdditionalMipsinfo(
Map<Integer, Map<String, Integer>> additionalMipsinfo) {
this.additionalMipsInfo = additionalMipsinfo;

public void setDeadlinelnfo(Map<Integer, Map<String, Double>>
deadlinelnfo) {

this.deadlinelnfo = deadlinelnfo;

public Map<Integer, Map<String, Double>> getDeadlinelnfo() {

return deadlinelnfo;

public void addAppModule(String moduleName,int ram, int mips, long size,
long bw){
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String vmm = "Xen";

AppModule module = new AppModule(FogUtils.generateEntityld(),
moduleName, appld, userld,

mips, ram, bw, size, vmm, new TupleScheduler(mips,
1), new HashMap<Pair<String, String>, SelectivityModel>());

getModules().add(module);
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MyFogDevice.java

package org.fog.entities;

import java.util.ArrayL.ist;
import java.util. HashMap;
import java.util.LinkedList;
import java.util.List;
import java.util.Map;

import java.util.Queue;

import org.apache.commons.math3.util.Pair;

import org.cloudbus.cloudsim.Cloudlet;

import org.cloudbus.cloudsim.Host;

import org.cloudbus.cloudsim.Log;

import org.cloudbus.cloudsim.Pe;

import org.cloudbus.cloudsim.Storage;

import org.cloudbus.cloudsim.Vm;

import org.cloudbus.cloudsim.VmAllocationPolicy;

import org.cloudbus.cloudsim.core.CloudSim;

import org.cloudbus.cloudsim.core.CloudSimTags;

import org.cloudbus.cloudsim.core.SimEvent;

import org.cloudbus.cloudsim.power.PowerDatacenter;

import org.cloudbus.cloudsim.power.PowerHost;

import org.cloudbus.cloudsim.power.models.PowerModel;

import org.cloudbus.cloudsim.provisioners.RamProvisionerSimple;

import org.cloudbus.cloudsim.sdn.overbooking.BwProvisionerOverbooking;
import org.cloudbus.cloudsim.sdn.overbooking.PeProvisionerOverbooking;
import org.fog.application.AppEdge;

import org.fog.application.AppLoop;

113

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



import org.fog.application.AppModule;
import org.fog.application.MyApplication;

import org.fog.policy.AppModuleAllocationPolicy;
import org.fog.scheduler.StreamOperatorScheduler;
import org.fog.utils.Config;

import org.fog.utils.FogEvents;

import org.fog.utils.FogUtils;

import org.fog.utils.Logger;

import org.fog.utils.ModuleLaunchConfig;

import org.fog.utils.NetworkUsageMonitor;

import org.fog.utils. TimeKeeper;

public class MyFogDevice extends PowerDatacenter {
protected Queue<Tuple> northTupleQueue;

protected Queue<Pair<Tuple, Integer>> southTupleQueue;

protected List<String> activeMyApplications;

protected Map<String, MyApplication> applicationMap;
public Map<String, List<String>> appToModulesMap;
protected Map<Integer, Double> childToLatencyMap;

protected Map<Integer, Integer> cloudTrafficMap;

protected double lockTime;

/**

* ID of the parent Fog Device
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*/

protected int parentld;

[
* |D of the Controller

*/

protected int controllerld;

/**
* IDs of the children Fog devices
*/

protected List<Integer> childrenlds;

protected Map<Integer, List<String>> childToOperatorsMap;

/**
* Flag denoting whether the link southwards from this FogDevice is busy
*/

protected boolean isSouthLinkBusy;

[H%
* Flag denoting whether the link northwards from this FogDevice is busy
*/

protected boolean isNorthLinkBusy;

protected double uplinkBandwidth;
protected double downlinkBandwidth;
protected double uplinkLatency;

protected List<Pair<Integer, Double>> associatedMyActuatorlds;

protected double energyConsumption;
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protected double lastUtilizationUpdateTime;
protected double lastUtilization;

private int level;

protected double ratePerMips;

protected double totalCost;

protected Map<String, Map<String, Integer>> modulelnstanceCount;

public MyFogDevice(
String name,
FogDeviceCharacteristics characteristics,
VmAllocationPolicy vmAllocationPolicy,
List<Storage> storageL.ist,
double schedulinglinterval,

double uplinkBandwidth, double downlinkBandwidth, double
uplinkLatency, double ratePerMips) throws Exception {

super(name, characteristics, vmAllocationPolicy, storageL.ist,
schedulinglinterval);

setCharacteristics(characteristics);
setVmAllocationPolicy(vmAllocationPolicy);
setLastProcessTime(0.0);
setStorageL.ist(storageL.ist);

setVmList(new ArrayList<Vm>());
setSchedulinginterval(schedulinglnterval);
setUplinkBandwidth(uplinkBandwidth);
setDownlinkBandwidth(downlinkBandwidth);
setUplinkLatency(uplinkLatency);
setRatePerMips(ratePerMips);
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setAssociatedMyActuatorlds(new ArrayList<Pair<integer,
Double>>());

for (Host host : getCharacteristics().getHostList()) {
host.setDatacenter(this);
}
setActiveMyApplications(new ArrayList<String>());
/I If this resource doesn't have any PEs then no useful at all
if (getCharacteristics().getNumberOfPes() == 0) {
throw new Exception(super.getName()

+ " Error - this entity has no PEs. Therefore,
can't process any Cloudlets.");

ky

/I stores id of this class

getCharacteristics().setld(super.getld());

applicationMap = new HashMap<String, MyApplication>();
appToModulesMap = new HashMap<String, List<String>>();
northTupleQueue = new LinkedList<Tuple>();
southTupleQueue = new LinkedList<Pair<Tuple, Integer>>();
setNorthLinkBusy(false);

setSouthLinkBusy(false);

setChildrenlds(new ArrayList<Integer>());

setChildToOperatorsMap(new HashMap<Integer, List<String>>());

this.cloudTrafficMap = new HashMap<Integer, Integer>();

this.lockTime = 0;

this.energyConsumption = 0;
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this.lastUtilization = O;

setTotalCost(0);
setModulelnstanceCount(new HashMap<String, Map<String,
Integer>>());
setChildToLatencyMap(new HashMap<Integer, Double>());
}

public MyFogDevice(
String name, long mips, int ram,

double uplinkBandwidth, double downlinkBandwidth, double
ratePerMips, PowerModel powerModel) throws Exception {

super(name, null, null, new LinkedList<Storage>(), 0);

List<Pe> peList = new ArrayList<Pe>();

/I 3. Create PEs and add these into a list.

peList.add(new Pe(0, new PeProvisionerOverbooking(mips))); // need
to store Pe id and MIPS Rating

int hostld = FogUtils.generateEntityld();
long storage = 1000000; // host storage
int bw = 10000;

PowerHost host = new PowerHost(
hostld,
new RamProvisionerSimple(ram),
new BwProvisionerOverbooking(bw),
storage,
peL.ist,
new StreamOperatorScheduler(peList),

powerModel
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List<Host> hostList = new ArrayList<Host>();
hostList.add(host);

setVmAllocationPolicy(new AppModuleAllocationPolicy(hostList));

String arch = Config.FOG_DEVICE_ARCH,;

String os = Config.FOG_DEVICE_OS;

String vmm = Config.FOG_DEVICE_VMM,;

double time_zone = Config.FOG_DEVICE_TIMEZONE;
double cost = Config.FOG_DEVICE_COST;

double costPerMem =
Config.FOG_DEVICE_COST_PER_MEMORY;

double costPerStorage =
Config.FOG_DEVICE_COST_PER_STORAGE;

double costPerBw = Config.FOG_DEVICE_COST_PER_BW;

FogDeviceCharacteristics characteristics = new
FogDeviceCharacteristics(

arch, os, vmm, host, time_zone, cost, costPerMem,

costPerStorage, costPerBw);

setCharacteristics(characteristics);

setLastProcessTime(0.0);

setVmList(new ArrayList<Vm>());
setUplinkBandwidth(uplinkBandwidth);
setDownlinkBandwidth(downlinkBandwidth);
setUplinkLatency(uplinkLatency);

setAssociatedMyActuatorlds(new ArrayList<Pair<Integer,
Double>>());
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for (Host hostl : getCharacteristics().getHostList()) {
host1.setDatacenter(this);

}

setActiveMyApplications(new ArrayList<String>());

if (getCharacteristics().getNumberOfPes() == 0) {
throw new Exception(super.getName()

+ " : Error - this entity has no PEs. Therefore,
can't process any Cloudlets.");

ks

getCharacteristics().setld(super.getld());

applicationMap = new HashMap<String, MyApplication>();
appToModulesMap = new HashMap<String, List<String>>();
northTupleQueue = new LinkedList<Tuple>();
southTupleQueue = new LinkedList<Pair<Tuple, Integer>>();
setNorthLinkBusy(false);

setSouthLinkBusy(false);

setChildrenlds(new ArrayList<integer>());
setChildToOperatorsMap(new HashMap<Integer, List<String>>());

this.cloudTrafficMap = new HashMap<Integer, Integer>();

this.lockTime = 0;

this.energyConsumption = 0;
this.lastUtilization = 0;

setTotalCost(0);
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setChildToLatencyMap(new HashMap<Integer, Double>());

setModulelnstanceCount(new HashMap<String, Map<String,
Integer>>());

}

/**

* Overrides this method when making a new and different type of resource.
<br>

* <b>NOTE:</b> You do not need to override {@link #body()} method, if
you use this method.

*
* @pre $none

* @post $none

*/

protected void registerOtherEntity() {

@Override
protected void processOtherEvent(SimEvent ev) {
switch(ev.getTag()){
case FogEvents. TUPLE_ARRIVAL.:
processTupleArrival(ev);
break;
case FogEvents.LAUNCH_MODULE:
processModuleArrival(ev);
break;
case FogEvents. RELEASE_OPERATOR:
processOperatorRelease(ev);
break;
case FogEvents.SENSOR_JOINED:
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processMySensorJoining(ev);
break;

case FogEvents.SEND_PERIODIC_TUPLE:
sendPeriodicTuple(ev);
break;

case FogEvents.APP_SUBMIT:
processAppSubmit(ev);
break;

case FogEvents.UPDATE_NORTH_TUPLE_QUEUE:
updateNorthTupleQueue();
break;

case FogEvents.UPDATE_SOUTH_TUPLE_QUEUE:
updateSouthTupleQueue();
break;

case FogEvents. ACTIVE_APP_UPDATE:
updateActiveMyApplications(ev);
break;

case FogEvents. ACTUATOR_JOINED:
processMyActuatorJoined(ev);
break;

case FogEvents. LAUNCH_MODULE_INSTANCE:
updateModulelnstanceCount(ev);
break;

case FogEvents.RESOURCE_MGMT:
manageResources(ev);

default:
break;
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/**

* Perform miscellaneous resource management tasks

* @param ev

*/

private void manageResources(SimEvent ev) {
updateEnergyConsumption();

send(getld(), Config.RESOURCE_MGMT _INTERVAL,
FogEvents. RESOURCE_MGMT);

ks

[H%x

* Updating the number of modules of an application module on this device

* @param ev instance of SimEvent containing the module and no of instances

*/

private void updateModulelnstanceCount(SimEvent ev) {
ModuleLaunchConfig config = (ModuleLaunchConfig)ev.getData();
String appld = config.getModule().getAppld();
if('modulelnstanceCount.containsKey(appld))

modulelnstanceCount.put(appld, new HashMap<String,
Integer>());

modulelnstanceCount.get(appld).put(config.getModule().getName(),
config.getinstanceCount());

System.out.printIn(getName()+ " Creating
"+config.getinstanceCount()+" instances of module
"+config.getModule().getName());

}

private AppModule getModuleByName(String moduleName){
AppModule module = null;
for(Vm vm : getHost().getVmList()){
if(((AppModule)vm).getName().equals(moduleName)){
module=(AppModule)vm;
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break;

}

return module;

/**

* Sending periodic tuple for an application edge. Note that for multiple
instances of a single source module, only one tuple is sent DOWN while
instanceCount number of tuples are sent UP.

* @param ev SimEvent instance containing the edge to send tuple on
*/
private void sendPeriodicTuple(SimEvent ev) {

AppEdge edge = (AppEdge)ev.getData();

String srcModule = edge.getSource();

AppModule module = getModuleByName(srcModule);

if(module == null)

return;

int instanceCount = module.getNumInstances();
/*

* Since tuples sent through a DOWN application edge are anyways
broadcasted, only UP tuples are replicated

*/

for(inti =
0;i<((edge.getDirection()==Tuple.UP)?instanceCount:1);i++){

//System.out.printin(CloudSim.clock()+" : Sending periodic
tuple "+edge.getTupleType());

Tuple tuple =
applicationMap.get(module.getAppld()).createTuple(edge, getld(), module.getld());

updateTimingsOnSending(tuple);
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sendToSelf(tuple);

ks

send(getld(), edge.getPeriodicity(),
FogEvents.SEND_PERIODIC_TUPLE, edge);

}

protected void processMyActuatorJoined(SimEvent ev) {
int actuatorld = ev.getSource();
double delay = (double)ev.getData();

getAssociatedMyActuatorlds().add(new Pair<Integer,
Double>(actuatorld, delay));

ky

protected void updateActiveMyApplications(SimEvent ev) {
MyApplication app = (MyApplication)ev.getData();
getActiveMyApplications().add(app.getAppld());

public String getOperatorName(int vmld){
for(Vm vm : this.getHost().getVmList()){
if(vm.getld() == vmld)
return ((AppModule)vm).getName();
}

return null;

/**

* Update cloudet processing without scheduling future events.

*
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* @return the double
*/

protected double
updateCloudetProcessingWithoutSchedulingFutureEventsForce() {

double currentTime = CloudSim.clock();
double minTime = Double. MAX_VALUE;
double timeDiff = currentTime - getLastProcessTime();

double timeFrameDatacenterEnergy = 0.0;

for (PowerHost host : this.<PowerHost> getHostL.ist()) {

Log.printLine();

double time = host.updateVVmsProcessing(currentTime); //
inform VMs to update processing

if (time <minTime) {

minTime = time;

Log.formatLine(
"%.2f: [Host #%d] utilization is %.2f%%",
currentTime,
host.getld(),
host.getUtilizationOfCpu() * 100);

if (timeDiff > 0) {
Log.formatLine(

"\nEnergy consumption for the last time frame
from %.2f to %.2f:",

getLastProcessTime(),

currentTime);
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for (PowerHost host : this.<PowerHost> getHostList()) {

double previousUTtilizationOfCpu =
host.getPreviousUtilizationOfCpu();

double utilizationOfCpu = host.getUtilizationOfCpu();

double timeFrameHostEnergy =
host.getEnergyLinearinterpolation(

previousUtilizationOfCpu,
utilizationOfCpu,
timeDiff);

timeFrameDatacenterEnergy += timeFrameHostEnergy;

Log.printLine();
Log.formatLine(

"%.2f: [Host #%d] utilization at %.2f
was %.21%%, now is %.2f%%",

currentTime,

host.getld(),

getLastProcessTime(),

previousUtilizationOfCpu * 100,

utilizationOfCpu * 100);
Log.formatLine(

"%.2f: [Host #%d] energy is %.2f
W*sec",

currentTime,
host.getld(),

timeFrameHostEnergy);

Log.formatLine(
"\n%.2f: Data center's energy is %.2f W*sec\n",

currentTime,
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timeFrameDatacenterEnergy);

setPower(getPower() + timeFrameDatacenterEnergy);

checkCloudletCompletion();

/** Remove completed VMs **/

[Hx

* Change made by HARSHIT GUPTA

*/

[*for (PowerHost host : this.<PowerHost> getHostList()) {

for (Vm vm : host.getCompletedVms()) {

getVmAllocationPolicy().deallocateHostForVm(vm);
getVmList().remove(vm);

Log.printLine("VM #" + vm.getld() + " has been
deallocated from host #" + host.getld());

¥
¥

Log.printLine();

setLastProcessTime(currentTime);

return minTime;

protected void checkCloudletCompletion() {
boolean cloudletCompleted = false;
List<? extends Host> list = getVmAllocationPolicy().getHostList();

for (inti = 0; i < list.size(); i++) {
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Host host = list.get(i);
for (Vm vm : host.getVmList()) {

while
(vm.getCloudletScheduler().isFinishedCloudlets()) {

Cloudlet cl =
vm.getCloudletScheduler().getNextFinishedCloudlet();

if (cl = null) {

cloudletCompleted = true;

Tuple tuple = (Tuple)cl;

TimeKeeper.getinstance().tupleEndedExecution(tuple);

MyApplication application =
getMyApplicationMap().get(tuple.getAppld());

Logger.debug(getName(), "Completed
execution of tuple "+tuple.getCloudletld()+"on "+tuple.getDestModuleName());

List<Tuple> resultantTuples =
application.getResultantTuples(tuple.getDestModuleName(), tuple, getld(),
vm.getld());

for(Tuple resTuple : resultantTuples){

resTuple.setModuleCopyMap(new HashMap<String,
Integer>(tuple.getModuleCopyMap()));

resTuple.getModuleCopyMap().put(((AppModule)vm).getName(),
vm.getld());

updateTimingsOnSending(resTuple);
sendToSelf(resTuple);

¥

sendNow(cl.getUserld(),
CloudSimTags.CLOUDLET_RETURN, cl);

¥
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}
if(cloudletCompleted)

updateAllocatedMips(null);

protected void update TimingsOnSending(Tuple resTuple) {

// TODO ADD CODE FOR UPDATING TIMINGS WHEN A TUPLE
IS GENERATED FROM A PREVIOUSLY RECIEVED TUPLE.

/I WILL NEED TO CHECK IF A NEW LOOP STARTS AND
INSERT A UNIQUE TUPLE ID TO IT.

String srcModule = resTuple.getSrcModuleName();
String destModule = resTuple.getDestModuleName();

for(AppLoop loop :
getMyApplicationMap().get(resTuple.getAppld()).getLoops()){

if(loop.hasEdge(srcModule, destModule) &&
loop.isStartModule(srcModule)){

int tupleld = TimeKeeper.getinstance().getUniqueld();
resTuple.setActualTupleld(tupleld);

if('TimeKeeper.getinstance().getLoopldToTuplelds().containsKey(loop.getLo
opld()))

TimeKeeper.getinstance().getLoopldToTuplelds().put(loop.getLoopld(), new
ArrayList<Integer>());

TimeKeeper.getinstance().getLoopldToTuplelds().get(loop.getLoopld()).add(t
upleld);

TimeKeeper.getInstance().getEmitTimes().put(tupleld,
CloudSim.clock());

//Logger.debug(getName(),
"\tSENDING\t"+tuple.getActual Tupleld()+"\tSrc:"+srcModule+"\tDest:"+destModule

);
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protected int getChildldWithRouteTo(int targetDeviceld){
for(Integer childld : getChildrenlds()){
if(targetDeviceld == childld)

return childid;

if(((FogDevice)CloudSim.getEntity(childld)).getChildldWithRouteTo(targetD
eviceld) 1= -1)

return childld;

return -1;

protected int getChildldForTuple(Tuple tuple){
if(tuple.getDirection() == Tuple. ACTUATOR){

int gatewayld =
((MyActuator)CloudSim.getEntity(tuple.getActuatorld())).getGatewayDeviceld();

return getChildldWithRouteTo(gatewayld);
}

return -1;

protected void updateAllocatedMips(String incomingOperator){
getHost().getVmScheduler().deallocatePesForAllVms();
for(final Vm vm : getHost().getVmList()){

if(vm.getCloudletScheduler().runningCloudlets() > 0 ||
((AppModule)vm).getName().equals(incomingOperator)){

getHost().getVmScheduler().allocatePesForvVm(vm,
new ArrayList<Double>(){
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protected static final long serialVersionUID =
1L;

{add((double) getHost().getTotalMips());}});

Yelse{

getHost().getVmScheduler().allocatePesForVm(vm,
new ArrayList<Double>(){

protected static final long serialVersionUID =
1L;

{add(0.0):33);

updateEnergyConsumption();

private void updateEnergyConsumption() {
double totalMipsAllocated = 0;
for(final Vm vm : getHost().getVmList()){
AppModule operator = (AppModule)vm;

operator.updateVmProcessing(CloudSim.clock(),
getVmAllocationPolicy().getHost(operator).getVmScheduler()

.getAllocatedMipsForVm(operator));

totalMipsAllocated +=
getHost().getTotal AllocatedMipsForVm(vm);

}

double timeNow = CloudSim.clock();
double currentEnergyConsumption = getEnergyConsumption();

double newEnergyConsumption = currentEnergyConsumption +
(timeNow-
lastUtilizationUpdate Time)*getHost().getPowerModel().getPower(lastUtilization);

setEnergyConsumption(newEnergyConsumption);
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/*if(getName().equals("d-0")){
System.out.printIn(*'------------------------ ");
System.out.printIn("Utilization = "+lastUtilization);

System.out.printIn("Power =
"+getHost().getPowerModel().getPower(lastUtilization));

System.out.printIn(timeNow-lastUtilizationUpdate Time);

¥

double currentCost = getTotalCost();

double newcost = currentCost + (timeNow-
lastUtilizationUpdate Time)*getRatePerMips()*lastUtilization*getHost().getTotalMip

s();

setTotalCost(newcost);

lastUtilization = Math.min(1,
totalMipsAllocated/getHost().getTotalMips());

lastUtilizationUpdateTime = timeNow;

protected void processAppSubmit(SimEvent ev) {
MyApplication app = (MyApplication)ev.getData();
applicationMap.put(app.getAppld(), app);

protected void addChild(int childld){

if(CloudSim.getEntityName(childId).toLowerCase().contains("sensor"))
return;
if(!getChildrenlds().contains(childld) && childld = getld())
getChildrenlds().add(childld);
if('getChildToOperatorsMap().containsKey(childld))

133

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



getChildToOperatorsMap().put(childld, new
ArrayList<String>());

ks

protected void updateCloudTraffic(){
int time = (int)CloudSim.clock()/1000;
if('cloudTrafficMap.containsKey(time))
cloudTrafficMap.put(time, 0);
cloudTrafficMap.put(time, cloudTrafficMap.get(time)+1);

protected void sendTupleToMyActuator(Tuple tuple){

[*for(Pair<Integer, Double> actuatorAssociation :
getAssociatedMyActuatorlds()){

int actuatorld = actuatorAssociation.getFirst();
double delay = actuatorAssociation.getSecond();
if(actuatorld == tuple.getMyActuatorld()){
send(actuatorld, delay, FogEvents. TUPLE_ARRIVAL,

tuple);
return;
}
}
int childld = getChildldForTuple(tuple);
if(childld 1= -1)

sendDown(tuple, childld);*/

for(Pair<Integer, Double> actuatorAssociation :
getAssociatedMyActuatorlds()){

int actuatorld = actuatorAssociation.getFirst();
double delay = actuatorAssociation.getSecond();

String actuatorType =
((MyActuator)CloudSim.getEntity(actuatorld)).getMyActuatorType();

if(tuple.getDestModuleName().equals(actuatorType)){
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send(actuatorld, delay, FogEvents. TUPLE_ARRIVAL,

tuple);
return;

}

}

for(int childld : getChildrenlds()){
sendDown(tuple, childld);

}

}

int numClients=0;
protected void processTupleArrival(SimEvent ev){

Tuple tuple = (Tuple)ev.getData();

if(getName().equals(*'cloud™)){
updateCloudTraffic();

/*if(getName().equals("d-0") &&
tuple.getTupleType().equals(*_SENSOR™)){

System.out.printIn(++numClients);
¥

Logger.debug(getName(), "Received tuple
"+tuple.getCloudletld()+"with tupleType = "+tuple.getTupleType()+"\t| Source : "+

CloudSim.getEntityName(ev.getSource())+"|Dest :
"+CloudSim.getEntityName(ev.getDestination()));

send(ev.getSource(), CloudSim.getMinTimeBetweenEvents(),
FogEvents. TUPLE_ACK);

if(FogUtils.appldToGeoCoverageMap.containsKey(tuple.getAppld())){
}
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if(tuple.getDirection() == Tuple. ACTUATOR){
sendTupleToMyActuator(tuple);

return;

if(getHost().getVmList().size() > 0){

final AppModule operator =
(AppModule)getHost().getVmList().get(0);

if(CloudSim.clock() > 0){

getHost().getVmScheduler().deallocatePesForVVm(operator);

getHost().getVmScheduler().allocatePesForVm(operator, new
ArrayList<Double>(){

protected static final long serialVVersionUID =
1L;

{add((double) getHost().getTotalMips());}});

if(getName().equals(*'cloud") &&
tuple.getDestModuleName()==null){

sendNow(getControllerld(), FogEvents. TUPLE_FINISHED,

null);
}
if(appToModulesMap.containsKey(tuple.getAppld())){
if(appToModulesMap.get(tuple.getAppld()).contains(tuple.getDestModuleNa
me()){

intvmid = -1;
for(Vm vm : getHost().getVmList()){
if(((AppModule)vm).getName().equals(tuple.getDestModuleName())){
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vmld = vm.getld();

}
if(vmid <0

|
(tuple.getModuleCopyMap().containsKey(tuple.getDestModuleName()) &&

tuple.getModuleCopyMap().get(tuple.getDestModuleName())!=vmIid )){
return;
}
tuple.setVmlid(vmld);

/[Logger.error(getName(), "Executing tuple for operator
" + moduleName);

updateTimingsOnReceipt(tuple);

executeTuple(ev, tuple.getDestModuleName());
Yelse if(tuple.getDestModuleName()!=null){
if(tuple.getDirection() == Tuple.UP)
sendUp(tuple);
else if(tuple.getDirection() == Tuple.DOWN){
for(int childld : getChildrenlds())
sendDown(tuple, childld);

Yelse{
sendUp(tuple);

Yelse{
if(tuple.getDirection() == Tuple.UP)
sendUp(tuple);
else if(tuple.getDirection() == Tuple.DOWN){
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for(int childld : getChildrenlds())
sendDown(tuple, childld);

protected void update TimingsOnReceipt(Tuple tuple) {
MyApplication app = getMyApplicationMap().get(tuple.getAppld());
String srcModule = tuple.getSrcModuleName();
String destModule = tuple.getDestModuleName();
List<AppLoop> loops = app.getLoops();
for(AppLoop loop : loops){

if(loop.hasEdge(srcModule, destModule) &&
loop.isEndModule(destModule)){

Double startTime =
TimeKeeper.getinstance().getEmitTimes().get(tuple.getActual Tupleld());

if(startTime==null)

break;

if('TimeKeeper.getinstance().getLoopldToCurrentAverage().containsKey(loo
p.getLoopld())){

TimeKeeper.getinstance().getLoopldToCurrentAverage().put(loop.getLoopld(
), 0.0);

TimeKeeper.getinstance().getLoopldToCurrentNum().put(loop.getLoopld(),
0);

¥

double currentAverage =
TimeKeeper.getinstance().getLoopldToCurrentAverage().get(loop.getLoopld());

int currentCount =
TimeKeeper.getinstance().getLoopldToCurrentNum().get(loop.getLoopld());

double delay = CloudSim.clock()-
TimeKeeper.getinstance().getEmitTimes().get(tuple.getActualTupleld());
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TimeKeeper.getinstance().getEmitTimes().remove(tuple.getActual Tupleld());

double newAverage = (currentAverage*currentCount +
delay)/(currentCount+1);

TimeKeeper.getinstance().getLoopldToCurrentAverage().put(loop.getLoopld(
), newAverage);

TimeKeeper.getinstance().getLoopldToCurrentNum().put(loop.getLoopld(),
currentCount+1);

break;

protected void processMySensorJoining(SimEvent ev){

send(ev.getSource(), CloudSim.getMinTimeBetweenEvents(),
FogEvents. TUPLE_ACK);

ky

protected void executeTuple(SimEvent ev, String moduleName){

Logger.debug(getName(), "Executing tuple on module
"+moduleName);

Tuple tuple = (Tuple)ev.getData();

AppModule module = getModuleByName(moduleName);

if(tuple.getDirection() == Tuple.UP){
String srcModule = tuple.getSrcModuleName();

if('module.getDownlInstanceldsMaps().containsKey(srcModule))

module.getDownlInstanceldsMaps().put(srcModule,
new ArrayList<integer>());
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if('module.getDownlnstanceldsMaps().get(srcModule).contains(tuple.getSour
ceModuleld()))

module.getDownlInstanceldsMaps().get(srcModule).add(tuple.getSourceModu
leld());

int instances = -1;

for(String _moduleName :
module.getDownlInstanceldsMaps().keySet()){

instances =
Math.max(module.getDownInstanceldsMaps().get(_moduleName).size(), instances);

hy

module.setNumInstances(instances);

TimeKeeper.getinstance().tupleStartedExecution(tuple);
updateAllocatedMips(moduleName);
processCloudletSubmit(ev, false);
updateAllocatedMips(moduleName);

[*for(Vm vm : getHost().getVmList()){

Logger.error(getName(), "MIPS allocated to
"+((AppModule)vm).getName()+" =
"+getHost().getTotal AllocatedMipsForVm(vm));

¥

protected void processModuleArrival(SimEvent ev){
AppModule module = (AppModule)ev.getData();
String appld = module.getAppld();
if(appToModulesMap.containsKey(appld)){
appToModulesMap.put(appld, new ArrayList<String>());
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appToModulesMap.get(appld).add(module.getName());
processVmCreate(ev, false);
if (module.isBeinglnstantiated()) {

module.setBeinglinstantiated(false);

initializePeriodicTuples(module);

module.updateVmProcessing(CloudSim.clock(),
getVmAllocationPolicy().getHost(module).getVmScheduler()

.getAllocatedMipsForVm(module));

System.out.printIn(CloudSim.clock()+" "+module.getName() + "

Launched in "+getName());

ky

private void initializePeriodicTuples(AppModule module) {
String appld = module.getAppld();
MyApplication app = getMyApplicationMap().get(appld);

List<AppEdge> periodicEdges =
app.getPeriodicEdges(module.getName());

for(AppEdge edge : periodicEdges){

send(getld(), edge.getPeriodicity(),
FogEvents.SEND_PERIODIC_TUPLE, edge);

ky

protected void processOperatorRelease(SimEvent ev){

this.processVmMigrate(ev, false);

protected void updateNorthTupleQueue(){
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if('getNorthTupleQueue().isEmpty()){
Tuple tuple = getNorthTupleQueue().poll();
sendUpFreeLink(tuple);

Jelse{
setNorthLinkBusy(false);

protected void sendUpFreeLink(Tuple tuple){

double networkDelay =
tuple.getCloudletFileSize()/getUplinkBandwidth();

setNorthLinkBusy(true);

send(getld(), networkDelay,
FogEvents.UPDATE_NORTH_TUPLE_QUEUE);

send(parentld, networkDelay+getUplinkLatency(),
FogEvents. TUPLE_ARRIVAL, tuple);

NetworkUsageMonitor.sendingTuple(getUplinkLatency(),
tuple.getCloudletFileSize());

ky

protected void sendUp(Tuple tuple){
if(parentld > 0){
if(YisNorthLinkBusy()){
sendUpFreeLink(tuple);

Yelse{
northTupleQueue.add(tuple);

protected void updateSouthTupleQueue(){
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if('getSouthTupleQueue().isEmpty()){
Pair<Tuple, Integer> pair = getSouthTupleQueue().poll();
sendDownFreeLink(pair.getFirst(), pair.getSecond());

Jelse{
setSouthLinkBusy(false);

protected void sendDownFreeLink(Tuple tuple, int childld){

double networkDelay =
tuple.getCloudletFileSize()/getDownlinkBandwidth();

//Logger.debug(getName(), "Sending tuple with tupleType =
"+tuple.getTupleType()+" DOWN™);

setSouthLinkBusy(true);
double latency = getChildToLatencyMap().get(childid);

send(getld(), networkDelay,
FogEvents.UPDATE_SOUTH_TUPLE_QUEUE);

send(childld, networkDelay+latency, FogEvents. TUPLE_ARRIVAL,
tuple);

NetworkUsageMonitor.sending Tuple(latency,
tuple.getCloudletFileSize());

ky

protected void sendDown(Tuple tuple, int childld){
if(getChildrenlds().contains(childld)){
if(YisSouthLinkBusy()){
sendDownFreeLink(tuple, childld);
Yelse{

southTupleQueue.add(new Pair<Tuple, Integer>(tuple,
childid));
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protected void sendToSelf(Tuple tuple){

send(getld(), CloudSim.getMinTimeBetweenEvents(),
FogEvents. TUPLE_ARRIVAL, tuple);

}
public PowerHost getHost(){
return (PowerHost) getHostL.ist().get(0);
}
public int getParentld() {
return parentld;
}
public void setParentld(int parentld) {
this.parentld = parentld,;
}
public List<Integer> getChildrenlds() {
return childrenlds;
}
public void setChildrenlds(List<Integer> childrenlds) {
this.childrenlds = childrenlds;
}
public double getUplinkBandwidth() {
return uplinkBandwidth;
}
public void setUplinkBandwidth(double uplinkBandwidth) {
this.uplinkBandwidth = uplinkBandwidth;
}
public double getUplinkLatency() {

return uplinkLatency;

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106

144



public void setUplinkLatency(double uplinkLatency) {
this.uplinkLatency = uplinkLatency;

}

public boolean isSouthLinkBusy() {
return isSouthLinkBusy;

}

public boolean isNorthLinkBusy() {
return isNorthLinkBusy;

}

public void setSouthLinkBusy(boolean isSouthLinkBusy) {
this.isSouthLinkBusy = isSouthLinkBusy;

}

public void setNorthLinkBusy(boolean isNorthLinkBusy) {
this.isNorthLinkBusy = isNorthLinkBusy;

}

public int getControllerld() {
return controllerld;

}

public void setControllerld(int controllerld) {
this.controllerld = controllerld;

}

public List<String> getActiveMyApplications() {
return activeMyApplications;

}

public void setActiveMyApplications(List<String> activeMyApplications) {
this.activeMyApplications = activeMyApplications;

}

public Map<Integer, List<String>> getChildToOperatorsMap() {
return childToOperatorsMap;
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public void setChildToOperatorsMap(Map<Integer, List<String>>
childToOperatorsMap) {

this.childToOperatorsMap = childToOperatorsMap;

public Map<String, MyApplication> getMyApplicationMap() {

return applicationMap;

public void setMyApplicationMap(Map<String, MyApplication>
applicationMap) {

this.applicationMap = applicationMap;

public Queue<Tuple> getNorthTupleQueue() {

return northTupleQueue;

public void setNorthTupleQueue(Queue<Tuple> northTupleQueue) {

this.northTupleQueue = northTupleQueue;

public Queue<Pair<Tuple, Integer>> getSouthTupleQueue() {

return southTupleQueue;

public void setSouthTupleQueue(Queue<Pair<Tuple, Integer>>
southTupleQueue) {

this.southTupleQueue = southTupleQueue;
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public double getDownlinkBandwidth() {

return downlinkBandwidth;

public void setDownlinkBandwidth(double downlinkBandwidth) {
this.downlinkBandwidth = downlinkBandwidth;

public List<Pair<Integer, Double>> getAssociatedMyActuatorlds() {

return associatedMyActuatorlds;

public void setAssociatedMyActuatorlds(List<Pair<Integer, Double>>
associatedMyActuatorlds) {

this.associatedMyActuatorlds = associatedMyActuatorlds;

public double getEnergyConsumption() {

return energyConsumption;

public void setEnergyConsumption(double energyConsumption) {
this.energyConsumption = energyConsumption;

}

public Map<Integer, Double> getChildToLatencyMap() {
return childToLatencyMap;

public void setChildToLatencyMap(Map<Integer, Double>
childToLatencyMap) {

this.childToLatencyMap = childToLatencyMap;

147

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



public int getLevel() {

return level;

public void setLevel(int level) {

this.level = level;

public double getRatePerMips() {

return ratePerMips;

public void setRatePerMips(double ratePerMips) {
this.ratePerMips = ratePerMips;

k
public double getTotalCost() {

return totalCost;

public void setTotalCost(double totalCost) {
this.totalCost = totalCost;

public Map<String, Map<String, Integer>> getModulelnstanceCount() {

return modulelnstanceCount;

public void setModulelnstanceCount(
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Map<String, Map<String, Integer>> modulelnstanceCount) {

this.modulelnstanceCount = modulelnstanceCount;

T

private int mips;

public int getMips() {

return mips;

public void setMips(int mips) {

this.mips = mips;
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MyController.java

package org.fog.placement;

import java.util.Calendar;
import java.util. HashMap;
import java.util.List;
import java.util.Map;

import org.cloudbus.cloudsim.core.CloudSim;
import org.cloudbus.cloudsim.core.SimEntity;
import org.cloudbus.cloudsim.core.SimEvent;
import org.fog.application.AppEdge;

import org.fog.application.AppLoop;

import org.fog.application.AppModule;
import org.fog.application.MyApplication;
import org.fog.entities.MyActuator;

import org.fog.entities.MyFogDevice;

import org.fog.entities.MySensor;

import org.fog.utils.Config;

import org.fog.utils.FogEvents;

import org.fog.utils.FogUtils;

import org.fog.utils.NetworkUsageMonitor;
import org.fog.utils. TimeKeeper;

public class MyController extends SimEntity{

public static boolean ONLY_CLOUD = false;

private List<MyFogDevice> fogDevices;
private List<MySensor> sensors;

private List<MyActuator> actuators;
private Map<String, MyApplication> applications;
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private Map<String, Integer> appLaunchDelays;

private Map<String, MyModulePlacement> appModulePlacementPolicy;

public  MyController(String name, List<MyFogDevice> fogDevices,
List<MySensor> sensors, List<MyActuator> actuators) {
super(name);
this.applications = new HashMap<String, MyApplication>();
setAppLaunchDelays(new HashMap<String, Integer>());
setAppModulePlacementPolicy(new HashMap<String,
MyModulePlacement>());
for(MyFogDevice fogDevice : fogDevices){
fogDevice.setControllerld(getld());
}
setMyFogDevices(fogDevices);
setMyActuators(actuators);
setMySensors(sensors);

connectWithLatencies();

private MyFogDevice getMyFogDeviceByld(int id){
for(MyFogDevice fogDevice : getMyFogDevices()){
if(id==fogDevice.getld())
return fogDevice;

}

return null;

private void connectWithLatencies(){
for(MyFogDevice fogDevice : getMyFogDevices()){
MyFogDevice parent =
getMyFogDeviceByld(fogDevice.getParentld());
if(parent == null)

continue;
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double latency = fogDevice.getUplinkLatency();
parent.getChildToLatencyMap().put(fogDevice.getld(),

latency);
parent.getChildrenlds().add(fogDevice.getld());
}
}
@Override

public void startEntity() {
for(String appld : applications.keySet()){
if(getAppLaunchDelays().get(appld)==0)
processAppSubmit(applications.get(appld));

else
send(getld(), getAppLaunchDelays().get(appld),
FogEvents.APP_SUBMIT, applications.get(appld));
}
send(getld(), Config.RESOURCE_MANAGE_INTERVAL,

FogEvents. CONTROLLER_RESOURCE_MANAGE);

send(getld(), Config.MAX_SIMULATION_TIME,
FogEvents.STOP_SIMULATION);

for(MyFogDevice dev : getMyFogDevices())
sendNow(dev.getld(), FogEvents. RESOURCE_MGMT);

@Override
public void processEvent(SimEvent ev) {
switch(ev.getTag()){
case FogEvents.APP_SUBMIT:
processAppSubmit(ev);
break;
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case FogEvents. TUPLE_FINISHED:
processTupleFinished(ev);
break;

case FogEvents. CONTROLLER_RESOURCE_MANAGE:
manageResources();
break;

case FogEvents.STOP_SIMULATION:
CloudSim.stopSimulation();
printTimeDetails();
printPowerDetails();
printCostDetails();
printNetworkUsageDetails();
System.exit(0);
break;

private void printNetworkUsageDetails() {
System.out.printin("Total network usage =
"+NetworkUsageMonitor.getNetworkUsage()/Config.MAX_SIMULATION_TIME);

private MyFogDevice getCloud(){
for(MyFogDevice dev : getMyFogDevices())
if(dev.getName().equals(“cloud™))
return dev;

return null;

private void printCostDetails(){
System.out.printIn("Cost of execution in cloud =

"+getCloud().getTotalCost());
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private void printPowerDetails() {
for(MyFogDevice fogDevice : getMyFogDevices()){
System.out.printin(fogDevice.getName() + " : Energy

Consumed = "+fogDevice.getEnergyConsumption());

ks

private String getStringForLoopld(int loopld){
for(String appld : getMyApplications().keySet()){
MyApplication app = getMyApplications().get(appld);
for(AppLoop loop : app.getLoops()){
if(loop.getLoopld() == loopld)
return loop.getModules().toString();

}

return null;

}
private void printTimeDetails() {

System.out.printin('============== RESULTS

System.out.printin("EXECUTION TIME : "+
(Calendar.getInstance().getTimelnMillis() -

TimeKeeper.getinstance().getSimulationStartTime()));

System.Out.println(l':::::::::::::::::::::::::::::::::::::::::
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System.out.printin("APPLICATION LOOP DELAYS");

");
for(Integer loopld
TimeKeeper.getinstance().getLoopldToTuplelds().keySet()){

System.out.printin(getStringForLoopld(loopld)  + --->
"+TimeKeeper.getinstance().getLoopldToCurrentAverage().get(loopld));
}
SyStem.OUt.pl'intln(":::::::::::::::::::::::::::::::::::::::::
")
System.out.printin("TUPLE CPU EXECUTION DELAY™");
SyStem.OUt.pl'intln(":::::::::::::::::::::::::::::::::::::::::
")
for(String tupleType
TimeKeeper.getinstance().getTupleTypeToAverageCpuTime().keySet()){
System.out.printin(tupleType + " --->
"+TimeKeeper.getinstance().getTupleTypeToAverageCpuTime().get(tupleType));
}
System_Out.println(":::::::::::::::::::::::::::::::::::::::::
")
}
protected void manageResources(){
send(getld(), Config. RESOURCE_MANAGE_INTERVAL,
FogEvents. CONTROLLER_RESOURCE_MANAGE);
}
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private void processTupleFinished(SimEvent ev) {

}

@Override
public void shutdownEntity() {

}

public void submitApplication(MyApplication application, int delay,
MyModulePlacement modulePlacement){
FogUtils.appldToGeoCoverageMap.put(application.getAppld(),
application.getGeoCoverage());
getMyApplications().put(application.getAppld(), application);
getAppLaunchDelays().put(application.getAppld(), delay);
getAppModulePlacementPolicy().put(application.getAppld(),
modulePlacement);

for(MySensor sensor : sensors){

sensor.setApp(getMyApplications().get(sensor.getAppld()));
}

for(MyActuator ac : actuators){

ac.setApp(getMyApplications().get(ac.getAppld()));

for(AppEdge edge : application.getEdges()){
if(edge.getEdgeType() == AppEdge. ACTUATOR){
String moduleName = edge.getSource();

for(MyActuator actuator : getMyActuators()){

if(actuator.getMyActuatorType().equalslignoreCase(edge.getDestination()))

application.getModuleByName(moduleName).subscribeActuator(actuator.getl
d(), edge.getTupleType());
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public void submitApplication(MyApplication application,
MyModulePlacement modulePlacement){

submitApplication(application, 0, modulePlacement);

private void processAppSubmit(SimEvent ev){
MyApplication app = (MyApplication) ev.getData();
processAppSubmit(app);

private void processAppSubmit(MyApplication application){
System.out.printin(CloudSim.clock()+" Submitted application "+
application.getAppld());
FogUtils.appldToGeoCoverageMap.put(application.getAppld(),
application.getGeoCoverage());
getMyApplications().put(application.getAppld(), application);

MyModulePlacement modulePlacement =
getAppModulePlacementPolicy().get(application.getAppld());
for(MyFogDevice fogDevice : fogDevices){
sendNow(fogDevice.getld(),
FogEvents. ACTIVE_APP_UPDATE, application);

¥

Map<Integer, List<AppModule>> deviceToModuleMap =

modulePlacement.getDeviceToModuleMap();

for(Integer deviceld : deviceToModuleMap.keySet()){
for(AppModule module : deviceToModuleMap.get(deviceld)){
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sendNow(deviceld, FogEvents.APP_SUBMIT,
application);

System.out.printin(CloudSim.clock()+"  Trying to
Launch "+ module.getName() + " in "+getMyFogDeviceByld(deviceld).getName());

sendNow(deviceld, FogEvents. LAUNCH_MODULE,
module);

public List<MyFogDevice> getMyFogDevices() {

return fogDevices;

public void setMyFogDevices(List<MyFogDevice> fogDevices) {

this.fogDevices = fogDevices;

public Map<String, Integer> getAppLaunchDelays() {

return appLaunchDelays;

public void setAppLaunchDelays(Map<String, Integer> appLaunchDelays) {
this.appLaunchDelays = appLaunchDelays;

public Map<String, MyApplication> getMyApplications() {

return applications;

public void setMyApplications(Map<String, MyApplication> applications) {

this.applications = applications;
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public List<MySensor> getMySensors() {

return sensors;

public void setMySensors(List<MySensor> sensors) {
for(MySensor sensor : sensors)
sensor.setControllerld(getld());

this.sensors = sensors;

public List<MyActuator> getMyActuators() {

return actuators;

public void setMyActuators(List<MyActuator> actuators) {

this.actuators = actuators;

public Map<String, MyModulePlacement> getAppModulePlacementPolicy() {

return appModulePlacementPolicy;

public void setAppModulePlacementPolicy(Map<String,
MyModulePlacement> appModulePlacementPolicy) {

this.appModulePlacementPolicy = appModulePlacementPolicy;
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MySensor.java

package org.fog.entities;

import java.util. ArrayList;

import org.cloudbus.cloudsim.UtilizationModelFull;
import org.cloudbus.cloudsim.core.CloudSim;
import org.cloudbus.cloudsim.core.SimEntity;
import org.cloudbus.cloudsim.core.SimEvent;
import org.fog.application.AppEdge;

import org.fog.application.AppLoop;

import org.fog.application.MyApplication;
import org.fog.utils.FogEvents;

import org.fog.utils.FogUtils;

import org.fog.utils.GeoLocation;

import org.fog.utils.Logger;

import org.fog.utils. TimeKeeper;

import org.fog.utils.distribution.Distribution;

public class MySensor extends SimEntity{

private int gatewayDeviceld,;
private GeolLocation geoLocation;
private long outputSize;

private String appld,;

private int userld;

private String tupleType;

private String sensorName;
private String destModuleName;
private Distribution transmitDistribution;
private int controllerld;

private MyApplication app;

private double latency;
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public MySensor(String name, int userld, String appld, int gatewayDeviceld,

double latency, GeoLocation geoLocation,

Distribution transmitDistribution, int cpuLength, int nwLength,

String tupleType, String destModuleName) {
super(name);
this.setAppld(appld);

this.gatewayDeviceld = gatewayDeviceld,

this.geoLocation = geoLocation;

this.outputSize = 3;

this.setTransmitDistribution(transmitDistribution);

setUserld(userld);

setDestModuleName(destModuleName);

setTupleType(tupleType);
setSensorName(sensorName);
setLatency(latency);

public MySensor(String name, int userld, String appld, int gatewayDeviceld,

double latency, GeoLocation geoLocation,

Distribution transmitDistribution, String tupleType) {

super(name);
this.setAppld(appld);

this.gatewayDeviceld = gatewayDeviceld;

this.geoLocation = geoLocation;

this.outputSize = 3;

this.setTransmitDistribution(transmitDistribution);

setUserld(userld);
setTupleType(tupleType);
setSensorName(sensorName);

setLatency(latency);

/**
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* This constructor is called from the code that generates PhysicalTopology
from JSON
* @param name
* @param tupleType
* @param string
* @param userld
* @param appld
* @param transmitDistribution
*/
public MySensor(String name, String tupleType, int userld, String appld,
Distribution transmitDistribution) {
super(name);
this.setAppld(appld);
this.setTransmitDistribution(transmitDistribution);
setTupleType(tupleType);
setSensorName(tupleType);
setUserld(userld);

public void transmit(){
AppEdge _edge = null;
for(AppEdge edge : getApp().getEdges()){
if(edge.getSource().equals(getTupleType()))
_edge = edge;
}
long cpuLength = (long) _edge.getTupleCpuLength();
long nwLength = (long) _edge.getTupleNwLength();

Tuple tuple = new Tuple(getAppld(), FogUtils.generateTupleld(),
Tuple.UP, cpuLength, 1, nwLength, outputSize,
new UtilizationModelFull(), new
UtilizationModelFull(), new UtilizationModelFull());
tuple.setUserld(getUserld());
tuple.setTupleType(getTupleType());
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tuple.setDestModuleName(_edge.getDestination());

tuple.setSrcModuleName(getSensorName());

Logger.debug(getName(), "Sending tuple with tupleld =
"+tuple.getCloudletld());

int actualTupleld = updateTimings(getSensorName(),
tuple.getDestModuleName());
tuple.setActualTupleld(actual Tupleld);

send(gatewayDeviceld, getLatency(),
FogEvents. TUPLE_ARRIVAL,tuple);

}

private int updateTimings(String src, String dest){
MyApplication application = getApp();
for(AppLoop loop : application.getLoops()){
if(loop.hasEdge(src, dest)){

int tupleld = TimeKeeper.getInstance().getUniqueld();

if('TimeKeeper.getinstance().getLoopldToTuplelds().containsKey(loop.getLo
opld()))

TimeKeeper.getinstance().getLoopldToTuplelds().put(loop.getLoopld(), new
ArrayList<Integer>());

TimeKeeper.getinstance().getLoopldToTuplelds().get(loop.getLoopld()).add(t
upleld);
TimeKeeper.getInstance().getEmitTimes().put(tupleld,
CloudSim.clock());
return tupleld;

163

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 01:30:59 EEST - 3.135.194.106



return -1;

}
@Override
public void startEntity() {
send(gatewayDeviceld, CloudSim.getMinTimeBetweenEvents(),
FogEvents.SENSOR_JOINED, geoLocation);
send(getld(), getTransmitDistribution().getNextValue(),
FogEvents.EMIT_TUPLE);
}
@Override
public void processEvent(SimEvent ev) {
switch(ev.getTag()){
case FogEvents. TUPLE_ACK:
[ltransmit(transmitDistribution.getNextValue());
break;
case FogEvents.EMIT_TUPLE:
transmit();
send(getld(), getTransmitDistribution().getNextValue(),
FogEvents.EMIT_TUPLE);
break;
}
}
@Override

public void shutdownEntity() {

public int getGatewayDeviceld() {
return gatewayDeviceld;
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public void setGatewayDeviceld(int gatewayDeviceld) {
this.gatewayDeviceld = gatewayDeviceld;

public GeolLocation getGeolLocation() {

return geoLocation;

public void setGeolLocation(GeoLocation geoLocation) {

this.geoLocation = geoLocation;

public int getUserld() {

return userld:;

public void setUserld(int userld) {
this.userld = userld;

public String getTupleType() {
return tupleType;

public void setTupleType(String tupleType) {
this.tupleType = tupleType;

public String getSensorName() {

return sensorName;

public void setSensorName(String sensorName) {
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this.sensorName = sensorName;

public String getAppld() {

return appld;

public void setAppld(String appld) {
this.appld = appld;

public String getDestModuleName() {

return destModuleName;

public void setDestModuleName(String destModuleName) {

this.destModuleName = destModuleName;

public Distribution getTransmitDistribution() {

return transmitDistribution;

public void setTransmitDistribution(Distribution transmitDistribution) {

this.transmitDistribution = transmitDistribution;

public int getControllerld() {

return controllerid;

public void setControllerld(int controllerid) {
this.controllerld = controllerld;
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public MyApplication getApp() {

return app;

public void setApp(MyApplication app) {
this.app = app;

public Double getLatency() {

return latency;

public void setLatency(Double latency) {

this.latency = latency;
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MyActuator.java

package org.fog.entities;

import org.cloudbus.cloudsim.core.CloudSim;
import org.cloudbus.cloudsim.core.SimEntity;
import org.cloudbus.cloudsim.core.SimEvent;
import org.fog.application.AppLoop;

import org.fog.application.MyApplication;
import org.fog.utils.FogEvents;

import org.fog.utils.GeoLocation;

import org.fog.utils.Logger;

import org.fog.utils. TimeKeeper;

public class MyActuator extends SimEntity{

private int gatewayDeviceld;
private double latency;

private GeolLocation geoLocation;
private String appld,;

private int userld,;

private String actuatorType;

private MyApplication app;

public MyActuator(String name, int userld, String appld, int gatewayDeviceld,

double latency, GeolLocation geolLocation, String actuatorType, String
srcModuleName) {

super(name);

this.setAppld(appld);

this.gatewayDeviceld = gatewayDeviceld,;

this.geoLocation = geoLocation;

setUserld(userld);

setMyActuatorType(actuatorType);

setLatency(latency);
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public MyActuator(String name, int userld, String appld, String actuatorType)

{
super(name);
this.setAppld(appld);
setUserld(userld);
setMyActuatorType(actuatorType);
}
@Override
public void startEntity() {
sendNow(gatewayDeviceld, FogEvents. ACTUATOR_JOINED,
getLatency());
}
@Override
public void processEvent(SimEvent ev) {
switch(ev.getTag()){
case FogEvents. TUPLE_ARRIVAL:
processTupleArrival(ev);
break;
}
}

private void processTupleArrival(SimEvent ev) {
Tuple tuple = (Tuple)ev.getData();
Logger.debug(getName(), "Received tuple "+tuple.getCloudletld()+"on
"+tuple.getDestModuleName());
String srcModule = tuple.getSrcModuleName();
String destModule = tuple.getDestModuleName();
MyApplication app = getApp();

for(AppLoop loop : app.getLoops()){
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if(loop.hasEdge(srcModule, destModule) &&
loop.isEndModule(destModule)){

Double startTime =
TimeKeeper.getinstance().getEmitTimes().get(tuple.getActual Tupleld());
if(startTime==null)

break;

if('TimeKeeper.getinstance().getLoopldToCurrentAverage().containsKey(loo
p.getLoopld(){

TimeKeeper.getinstance().getLoopldToCurrentAverage().put(loop.getLoopld(
), 0.0);

TimeKeeper.getinstance().getLoopldToCurrentNum().put(loop.getLoopld(),

0);

}

double currentAverage =
TimeKeeper.getinstance().getLoopldToCurrentAverage().get(loop.getLoopld());

int currentCount =
TimeKeeper.getinstance().getLoopldToCurrentNum().get(loop.getLoopld());

double delay = CloudSim.clock()-
TimeKeeper.getinstance().getEmitTimes().get(tuple.getActual Tupleld());

TimeKeeper.getinstance().getEmitTimes().remove(tuple.getActual Tupleld());
double newAverage = (currentAverage*currentCount +

delay)/(currentCount+1);

TimeKeeper.getinstance().getLoopldToCurrentAverage().put(loop.getLoopld(

), newAverage);

TimeKeeper.getinstance().getLoopldToCurrentNum().put(loop.getLoopld(),
currentCount+1);
break;
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@Override
public void shutdownEntity() {

public int getGatewayDeviceld() {
return gatewayDeviceld;

public void setGatewayDeviceld(int gatewayDeviceld) {

this.gatewayDeviceld = gatewayDeviceld;

public GeolLocation getGeolLocation() {

return geoLocation;

public void setGeolLocation(GeoLocation geoLocation) {

this.geoLocation = geoLocation;

public int getUserld() {

return userld;

public void setUserld(int userld) {

this.userld = userld;

public String getAppld() {
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return appld;

public void setAppld(String appld) {
this.appld = appld;

public String getMyActuatorType() {

return actuatorType;

public void setMyActuatorType(String actuatorType) {
this.actuatorType = actuatorType;

public MyApplication getApp() {

return app;

public void setApp(MyApplication app) {
this.app = app;

public double getLatency() {

return latency;

public void setLatency(double latency) {

this.latency = latency;

1
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MyModulePlacement.java

package org.fog.placement;

import java.util. ArrayList;

import java.util. HashMap;

import java.util.List;

import java.util.Map;

import org.cloudbus.cloudsim.core.CloudSim;
import org.fog.application.AppModule;
import org.fog.application.MyApplication;
import org.fog.entities.MyActuator;

import org.fog.entities.MyFogDevice;

import org.fog.entities.MySensor;

public class MyModulePlacement extends MyPlacement{

protected ModuleMapping moduleMapping;
protected List<MySensor> sensors;
protected List<MyActuator> actuators;
protected String moduleToPlace;

protected Map<Integer, Integer> deviceMipsinfo;

public MyModulePlacement(List<MyFogDevice> fogDevices,
List<MySensor> sensors, List<MyActuator> actuators,
MyApplication application, ModuleMapping moduleMapping,
String moduleToPlace){
this.setMyFogDevices(fogDevices);
this.setMyApplication(application);
this.setModuleMapping(moduleMapping);
this.setModuleToDeviceMap(new HashMap<String, List<Integer>>());
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this.setDeviceToModuleMap(new HashMap<Integer,
List<AppModule>>());

setMySensors(sensors);

setMyActuators(actuators);

this.moduleToPlace = moduleToPlace;

this.deviceMipsInfo = new HashMap<Integer, Integer>();

mapModules();

@Override
protected void mapModules() {

for(String deviceName
getModuleMapping().getModuleMapping().keySet()){
for(String moduleName

getModuleMapping().getModuleMapping().get(deviceName)){

int deviceld = CloudSim.getEntityld(deviceName);

AppModule appModule =
getMyApplication().getModuleByName(moduleName);

if('getDeviceToModuleMap().containsKey(deviceld))

{
List<AppModule>placedModules = new
ArrayList<AppModule>();
placedModules.add(appModule);
getDeviceToModuleMap().put(deviceld,
placedModules);
}
else
{
List<AppModule>placedModules =
getDeviceToModuleMap().get(deviceld);
placedModules.add(appModule);
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getDeviceToModuleMap().put(deviceld,
placedModules);

for(MyFogDevice device:getMyFogDevices())
{
int deviceParent = -1;
List<Integer>children = new ArrayList<Integer>();

if(device.getLevel()==1)
{
if('deviceMipsinfo.containsKey(device.getld()))
deviceMipsInfo.put(device.getld(), 0);
deviceParent = device.getParentld();
for(MyFogDevice deviceChild:getMyFogDevices())

{
if(deviceChild.getParentld()==device.getld())
{
children.add(deviceChild.getld());
}
}

Map<Integer, Double>childDeadline new

HashMap<Integer, Double>();
for(int childld:children)

childDeadline.put(childid,getMyApplication().getDeadlinelnfo().get(childld).
get(moduleToPlace));
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List<Integer> keys = new

ArrayList<Integer>(childDeadline.keySet());

for(int i = 0; i<keys.size()-1; i++)

{
for(int j=0;j<keys.size()-i-1;j++)

{

if(childDeadline.get(keys.get(j))>childDeadline.get(keys.get(j+1)))

{
int tempJ = keys.get(j);
int tempJn = keys.get(j+1);
keys.set(j, tempJn);
keys.set(j+1, tempJ);
}
}
}
int baseMipsOfPlacingModule =
(int)getMyApplication().getModuleByName(moduleToPlace).getMips();
for(int key:keys)
{
int currentMips =

deviceMipsInfo.get(device.getld());

AppModule appModule =
getMyApplication().getModuleByName(moduleToPlace);

int additionalMips =
getMyApplication().getAdditionalMipsinfo().get(key).get(moduleToPlace);

if(currentMips+baseMipsOfPlacingModule+additionalMips<device.getMips()
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currentMips =
currentMips+baseMipsOfPlacingModule+additionalMips;

deviceMipsInfo.put(device.getld(),
currentMips);

if('getDeviceToModuleMap().containsKey(device.getld()))
{

List<AppModule>placedModules = new ArrayList<AppModule>();
placedModules.add(appModule);

getDeviceToModuleMap().put(device.getld(), placedModules);

else

List<AppModule>placedModules =
getDeviceToModuleMap().get(device.getld());
placedModules.add(appModule);

getDeviceToModuleMap().put(device.getld(), placedModules);
}

else

List<AppModule>placedModules =
getDeviceToModuleMap().get(deviceParent);
placedModules.add(appModule);

getDeviceToModuleMap().put(deviceParent, placedModules);
}
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public ModuleMapping getModuleMapping() {

return moduleMapping;

public void setModuleMapping(ModuleMapping moduleMapping) {
this.moduleMapping = moduleMapping;

public List<MySensor> getMySensors() {

return sensors;

public void setMySensors(List<MySensor> sensors) {

this.sensors = sensors;

public List<MyActuator> getMyActuators() {

return actuators;

public void setMyActuators(List<MyActuator> actuators) {

this.actuators = actuators;
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MyPlacement.java

package org.fog.placement;

import java.util. ArrayList;
import java.util.List;

import java.util.Map;

import org.cloudbus.cloudsim.core.CloudSim;
import org.fog.application.AppModule;
import org.fog.application.MyApplication;
import org.fog.entities.MyFogDevice;

public abstract class MyPlacement {

public static int ONLY_CLOUD =1,
public static int EDGEWARDS = 2;
public static int USER_MAPPING = 3;

private List<MyFogDevice> fogDevices;

private MyApplication application;

private Map<String, List<Integer>> moduleToDeviceMap;
private Map<Integer, List<AppModule>> deviceToModuleMap;

private Map<Integer, Map<String, Integer>> modulelnstanceCountMap;

protected abstract void mapModules();

protected boolean canBeCreated(MyFogDevice fogDevice, AppModule
module){
return

fogDevice.getVmAllocationPolicy().allocateHostForVm(module);

¥
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protected int getParentDevice(int fogDeviceld){
return

((MyFogDevice)CloudSim.getEntity(fogDeviceld)).getParentld();
}

protected MyFogDevice getMyFogDeviceByld(int fogDeviceld){
return (MyFogDevice)CloudSim.getEntity(fogDeviceld);

protected boolean createModulelnstanceOnDevice(AppModule _module, final
MyFogDevice device, int instanceCount){

return false;

protected boolean createModulelnstanceOnDevice(AppModule _module, final
MyFogDevice device){
AppModule module = null;
if(getModuleToDeviceMap().containsKey(_module.getName()))
module = new AppModule(_module);
else

module = _module;

if(canBeCreated(device, module)){
System.out.printIn(Creating "+module.getName()+" on device
"+device.getName());

if('getDeviceToModuleMap().containsKey(device.getld()))
getDeviceToModuleMap().put(device.getld(), new
ArrayList<AppModule>());
getDeviceToModuleMap().get(device.getld()).add(module);

if('getModuleToDeviceMap().containsKey(module.getName()))
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getModuleToDeviceMap().put(module.getName(), new
ArrayList<integer>());

getModuleToDeviceMap().get(module.getName()).add(device.getld());
return true;
}else {
System.err.printin("Module "+module.getName()+" cannot be
created on device "+device.getName());
System.err.printIn(*Terminating");

return false;

protected MyFogDevice getDeviceByName(String deviceName) {
for(MyFogDevice dev : getMyFogDevices()){
if(dev.getName().equals(deviceName))
return dev;

}

return null;

protected MyFogDevice getDeviceByld(int id){
for(MyFogDevice dev : getMyFogDevices()){
if(dev.getld() == id)
return dev;

}

return null;

public List<MyFogDevice> getMyFogDevices() {

return fogDevices;

public void setMyFogDevices(List<MyFogDevice> fogDevices) {
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this.fogDevices = fogDevices;

public MyApplication getMyApplication() {

return application;

public void setMyApplication(MyApplication application) {

this.application = application;

public Map<String, List<Integer>> getModuleToDeviceMap() {

return moduleToDeviceMap;

public void setModuleToDeviceMap(Map<String, List<Integer>>
moduleToDeviceMap) {

this.moduleToDeviceMap = moduleToDeviceMap;

public Map<Integer, List<AppModule>> getDeviceToModuleMap() {

return deviceToModuleMap;

public void setDeviceToModuleMap(Map<Integer, List<AppModule>>
deviceToModuleMap) {
this.deviceToModuleMap = deviceToModuleMap;

public Map<Integer, Map<String, Integer>> getModulelnstanceCountMap() {

return modulelnstanceCountMap;
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public  void  setModulelnstanceCountMap(Map<Integer, = Map<String,
Integer>> modulelnstanceCountMap) {

this.modulelnstanceCountMap = modulelnstanceCountMap;
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